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EXECUTI VE SUMVARY

This docunent is the 1991 annual progress report for
sel ected studies of fall chinook sal non Oncorhynchus tshawtscha
conducted by the U S. Fish and Wldlife Service (USFWS).
Activities were funded by the Lower Snake River Conpensation Plan
of the USFW5 and the Bonneville Power Adm nistration (BPA)
t hrough funding of Project No. 91-029.

The decline in abundance of fall chinook salnon in the Snake

Ri ver basin has becone a grow ng concern. In April 1992, Snake
River fall chinook salnmon were listed as "threatened" under the
Endangered Species Act. Ef fective recovery efforts for fall

chi nook sal nmon can not be devel oped until we increase our

know edge of the factors that are limting the various life

hi story stages. This study attenpts to identify those physical
and biological factors which influence spawning of fall chinook
salmon in the free-flowing Snake River and their rearing and
seaward mgration through Colunbia R ver basin reservoirs.

Fal | chinook sal nmon spawning information was collected in
the Hells Canyon Reach of the Snake River. During the 1991
spawni ng period, flows in Hells Canyon were |ower and water
tenperature warner than the historical records we exam ned.
About 98% of the varibility in water tenperatures at sites we
studied during the spawning period was explained by the
tenperature of water released at Hells Canyon Dam and the air
tenperature 30 d prior to rel ease. Redds were counted from the
air by helicopter with subsequent ground truthing and SCUBA
surveys. Sonme redds were found by SCUBA in water too deep for
detection by helicopter. Despite increased counting effort by
helicopter, the 1991 index redd count of 32 was down from the
recent high of 66 redds in 1987. Most spawni ng occurred in
Novenber with redds being unevenly distributed |ongitudinally
within the river. Fourteen of 32 redds (i.e. 44% counted during
the index flights, were |located at Snake River Kkilonmeter (RK)
261. Dept hs nmeasured within the bounds of the spawning area at
RK 261 ranged from about 0.5 to 1.5 m and water velocities
ranged from just under 0.5 to 1 nis.

M gratory behavior of subyearling fall chinook sal non was
examined in |laboratory sw nmm ng performance tests. Hat chery and
mgrating juveniles displayed their greatest inclination to
mgrate during June and July when they were 7 to 10 cmin |ength.
Fi sh swam upstreamin a swm flume at velocities less than 2.5
body lengths per second, and passive drift was rarely observed.
Mgrating fish tended to be displaced at greater rates during the
night than during the day except in June when they actively swam
downstream when water velocities exceeded 30 cnis. There was no
correlation with maxi mum swimmng velocity and gill Na+K*-ATPase
activity.



Subyearling fall chinook salnon were narked at McNary Dam to
relate river flow and migration patterns of juvenile salnmon to
adult returns. A total of 108,000 fish em grating during the
early, mddle, and late segnents of the migration were
successfully coded wire tagged and rel eased at MNary Dam
Del ayed nortality and tag |oss of 1.0% was acceptable. Adequate
nunbers of branded fish were recaptured at John Day and
Bonneville dans to determne that the three groups of fish
mai ntained their integrity and em grated separately in relation
to when they were released. Travel tine of subyearling chinook
sal mron through John Day Reservoir was significantly correl ated
with river flow and gill ATPase activity but not with date of
rel ease, tenperature, or fish size.

The use of PIT tags in subyearling fall chinook sal non was
evaluated in |aboratory tests. A conparison of U-critical
swi mmi ng speed of PIT-tagged and control fish indicated that any
effects from tagging on swimmng perfornmance are relatively short
term probably 4 h or |ess. PI T-tagged fish exposed to
smal | mout h bass Micropterus dolomieui predati on were preyed upon at a
hi gher rate than control fish when allowed a 0.5 h recovery tineg,
but the nunbers of tagged and control fish consuned were sinilar
when allowed a 96 h recovery period prior to predation risk.
Sham tagged and control fish were not differentially preyed upon
suggesting the presence of the PIT tag contributes to higher
predation rates on tagged fish. Predation of PIT-tagged fish was
not size selective. Maxi mum delayed nortality of PIT-tagged fish
ranged up to 27% in sone of the first trials conducted and
occurred primarily within 24 h of tagging. Rearing tagged fish
for 90 d indicated only a 1% total nortality rate was
attributable to PIT-tagging.

PIT-tagging juvenile fall chinook salmon in the Hells Canyon
Reach and subsequent detection at Lower Ganite Dam was used to
study em gration patterns in the Snake River. Beach seines were
used to sanple naturally produced juvenile fall chinook sal nbn
from the Snake River between RK 211 and 250. W PIT tagged
salmon > 55 mMmusing size criteria to judge race. A genetic
analysis of PIT-tagged chinook salnon recaptured at Lower Ganite
Dam i ndi cated 94% of the fish originally tagged were fall chinook
sal non. Juvenile fall chinook salmon showed relatively high
fidelity to near-shore areas. Most chi nook sal non began | eaving
near-shore areas in late June at about 85 nm fork length with a
peak arrival at Lower Granite Dam occurring in late July at a
mean |length of 127 nm Mean migration rate to Lower Ganite Dam
was 2.3 kmid and was significantly influenced by sal non size,
flow, and water tenperature at release.



ACKNONLEDGEMENTS

We thank individuals in the |Idaho Departnent of Fish and
Game, |daho Power Conpany, U.S. Fish and WIldlife Service,
Washi ngt on Departnment of Fisheries, and WAshington Departnent of
Wldlife, US. Arny Corps of Engineers, National Marine Fisheries
Service, and the Fish Passage Center that assisted with the
project activities. W extend special thanks to our colleagues
at the Colunbia River Field Station and the Idaho Fishery
Resource Ofice of the US. Fish and WIldlife Service for their
assistance. W gratefully acknow edge reviewers for the valuable
comments and suggestions which we have incorporated into this
report. W appreciate the assistance of Debbie Watkins, Project
Manager, Bonneville Power Adm nistration.



CHAPTER ONE

Fall Chinook Sal nbn Spawni ng
in Free-Flowing Reaches of the Snake River

by

WP. Connor, A P. Grcia
and H L. Burge
US Fish and WIidlife Service
| daho Fi shery Resource Ofice
Ahsahka, |daho 83520, USA

and

R H Tayl or
U S. Forest Service
Cl earwater National Forest
O ofino, |daho 83544, USA



I nt roducti on

Know edge of fall chinook sal mon Oncorhynchus tshawytscha Spawni ng
and habitat characteristics in the free-flow ng Snake River is
urgently needed. \When the National Marine Fisheries Service was
petitioned to list Snake River fall chinook sal mon under the
Endangered Species Act (ESA, United States Fish and Wldlife
Service 1988), the spawning data base consisted of
unaut henticated redd counts by air (Irving and Bjornn 198la
Seidel et al. 1988, Buggert et al. 1989-1990) and an 18 year-old
flow versus habitat study (Bayha 1974). Wth the ESA petition
cane renewed interest in obtaining information on Snake R ver
fall chinook sal mon spawning since our present understanding was
not sufficient for recovery planning.

Qur 1991 work was a pilot study to establish field
t echni ques and gui dance for the renainder of the project. st udy
obj ectives were: (1) describe the distribution of fall chinook
salnon redds in the Snake River; (2) describe the refinenents
being nmade in fall chinook sal nmon redd counting procedures; (3)
characterize the physical features of fall chinook sal non
spawning sites and present a prelimnary estimte of seeding
l evel ; and (4) describe Snake River discharge and water
tenperatures during the fall chinook salnon inmmgration
spawni ng, and egg incubation periods of the 1991 brood year.

Study Area

The study area included the Snake River from Hells Canyon
Damto its mouth (Figure 1). W describe specific |ocations
within the area in terns of river kilonmeters (RK) based on the
navi gation charts of the Snake River produced by the United
States Arny Corps of Engineers (CCE). Qur main focus in 1991 was
on the free-flowing reach of the Snake River between Hells Canyon
Dam (RK 398) and the head of Lower Ganite Reservoir near Asotin,
Washi ngton (RK 235).
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Met hods

Data Coll ection

Redd counts.- Fall chi nook sal non redd count data were collected
by helicopter using an interagency team from 1987-1991. These
data were originally published by the Wshington Departnent of
Fisheries (Seidel et al 1988, Bugert et al. 1989-1991, Bugert
1991, and Mendel et al. 1992). From 1987-1989, aerial counts of
fall chinook sal non redds were nmade about the second and fourth

weeks of Novenber. These aerial counts are referred to hereafter
as "index counts." Each index count covered the river from
Asotin, Washington (RK 235) to Hells Canyon Dam (RK 398), unless
t he weat her becane I ncl ement. The river was scanned for fal

chinook salnon redds by observers while the helicopter flew up
and downriver at an altitude of 100 to 200 m Wen a potential
redd was |ocated, the pilot positioned the helicopter for optinma
viewi ng and an observer noted the location of the potential redd
on CCE navigation charts. In 1990, based on interagency
consensus, we added a third index count in early Decenber to
check for late fall chinook sal mon spawning activity.

Refinements in redd counts.- St arting in 1991, we increased the counts
from3 to 9 to better define the timng of fall chinook sal non
redd construction. The 9 counts were nade weekly from 14 Cctober
to 9 Decenber. Not ably, the weekly counts included index counts
on 11 Novenber, 26 Novenber, and 9 Decenber.

W did not authenticate fall chinook sal non redds counted
from the helicopter from 1987-1990. Starting in 1991, al
potential fall chinook salnon redds observed from the air were
aut henti cated by ground truthing. Ground truthing involved
wadi ng a safe distance upriver and to the side of each redd's
tail spill. Redd authenticity was based on pit and tailspill
size, substrate conposition, water velocity, and the presence of
adult fall chinook sal non. Locations of confirmed fall chinook
sal non redds were napped by a |icensed surveyor. The | ocations
of shallowwater redds were recorded by sighting a prismon a
pont oon positioned over the redds by rope.

We used SCUBA to count fall chinook salmon redds at RK 261
in water too deep to allow detection fromthe air or by wadi ng.
Two SCUBA divers holding planing boards were towed 38 m behind a
boat along five adjacent transects. The first transect began on
the deep-water edge of redds initially located by air and which
were then mapped by the surveyor using the shall owwater nethod
descri bed previously. Subsequent passes were initiated
progressively toward the opposite shore. Di vers conmuni cat ed
with the boat pilot using voice activated radios to relay
observations of redds or changes in the substrate of the river
bott om The dianmeter of the dom nant and subdom nant substrate



was visually estimated as was the percent fines between them
These data were coded using the Brusven index (Brusven 1977)

whi ch is conposed of a nunber for each of the above three
substrate types. Once data were announced to the boat pilot and
recorded, they were relayed by radio to the surveyor on shore

The surveyor recorded the position of the redds or substrate
codes by sighting the position of a pontoon equipped with a prism
array towed directly above the divers.

Physical features of spawning sites.-We used the Instream Flow | ncrenent al
Met hodol ogy (I FIM Bovee 1982) to collect habitat data at fall
chi nook sal non spawning sites. W collected channel elevations,
wat er surface elevations, water velocities, and substrate codes
at cross sections placed in key locations at each spawning site.
Sone cross sections were also placed through the mddle of
honogeneous channel reaches surrounding the spawning areas. The
downstream cross section at each site was always placed at a
poi nt of hydraulic control. Because of frequent boat traffic we
did not stretch a cable across the channel for positioning our
gagi ng boat. Instead we fixed a prismto the bow of our gaging
boat and surveyed the location of each flow neasurenent as we
progressed across the channel. W also collected channel
el evations and substrate codes between the IFIM cross sections to
all ow detailed site mapping. Onshore and shal | ow-wat er channel
el evations and substrate codes were neasured by sighting a prism
on a rod at the point of data collection. O fshore channel
el evations were collected using a boat equipped wth sounding
gear and a prism for surveying neasurenent |ocations. O fshore
substrate data were provided by the SCUBA divers while counting
fall chinook redds.

Discharge and water temperature.- Snake River discharge data for the
Anat one (Gage, Washington (RX 270) were furnished by the United
States Ceol ogi cal Survey (USGS) for the 1967-1992 tine period
(Appendix 1). The USGS al so provided Snake River discharge data
for the Brownl ee, Oxbow, and Hells Canyon Dam Conplex (Hells
Canyon Dam Conpl ex), and the Immaha, Salnon, and G ande Ronde
rivers for the 1991-1992 tinme period (Appendix 2). \ater
di scharge data are reported in this chapter in thousands of cubic
feet per second (KCFS) based on USGS standards.

Snake River water tenperature data were collected at the
Anat one Gage from 1975-1982 by the USGS (Appendix 3). \Water
tenperature data were also collected at 10 locations (Table 1;
Figure 1) by the United States Fish and WIldlife Service using
t her nogr aphs (Appendi x 4).



Tabl e 1. Snake River drainage thernograph |ocations by river
kil ometer and | andmark, 1991.

R ver km Landmar k
398 Hel | s Canyon Dam outfl ow
398 Hel s Canyon air tenperature
347 Pittsburg Landing
312 Zig Zag Creek
308 In the Imaha R ver
303 Chal k Creek
302 In the Sal non R ver
287 Cochran | sl ands
271 In the Grande Ronde River
265 Billy Creek

Data Anal ysi s

Redd counts.-Data from the index counts are summed over tine to
show total fall chinook salnon redd counts by year, day, and
river kiloneter from 1987-1991.

Refinements in redd counts.- Redd construction timng was anal yzed from
weekly fall chinook salnon redd counts from 1991. Addi tionally,
we used data collected on 26 Novenber by index count, ground
truthing, and deep-water counts of fall chinook salnon redds to
conpare the results of each technique at RK 261 under the 1991
wat er conditions.

Physical features Of spawning habitat.- Substrate data analysis is limted to
a map of the graveled area at RK 261 used by spawning fall
chinook salnmon in 1991. W also present velocity distributions
collected at RK 261 on 12 Novenber of 1991 to characterize the
velocity ranges utilized by spawning fall chinook salnmn. A
prelimnary estinmate of seeding |level at RK 261 was_ made by
mul ti plying the nunber of redds at the site by 17 rﬁ(‘the area of
Colunbia River fall chinook redds; Chapnan et al. 1986) and
dividing this nunber by the total area of wetted gravel.

Snake River discharge and water temperatures.-\\& used our 1992 unpubl i shed
data to define the timng of each fall chinook salnmon life stage
in the 1991 brood year (25 August, 1991-12 May 1992) for relation
to discharge and tenperature. A historical perspective of Snake
Ri ver discharge at Anatone Gage is given by conparing 1991 brood
year discharge data to discharge data collected the first 20
years after the conpletion of Hells Canyon Dam Conplex in 1967.



We analyzed Hells Canyon Dam Conpl ex, |mmaha, Sal non, and
Grande Ronde River discharge data from the 1991 fall chinook
sal non brood year to denonstrate the potential effect each water
source had on main stem Snake R ver flow at Anatone CGage. Par t
of this analysis was based on the percentage of discharge
contributed by each of the above water sources. we also exam ned
daily changes in the discharge at the Anatone Gage relative to
changes in discharge of each of the above water sources.

As in our discharge analysis, we also used the life stage
timng of the 1991 fall chinook sal non brood year as part of the
wat er tenperature analysis. H storical water tenperature data
from 1978-1982 at Anatone Gage were conpared to thernograph data
collected at RK 265 in 1991 during each fall chinook salnon life
st age. In addition, we analyzed 1991 brood year water
tenperature data from our thernographs by river kilonmeter to test
for differences between up and downriver tenperatures.

A two-step regression analysis was applied to Hells Canyon
air tenperature (RK 398) and Hells Canyon Dam Conpl ex outfl ow
tenperature (RK 398) data to describe the relation between these
two variables. The air tenperature data were analyzed in
intervals (nunber of days air was neasured before outflow) of 1,
7, 14, 21, and 30 d to account for reservoir turn over tine.
First, the appropriate air tenperature data for a final
regression nodel was selected. This selection was based on
standardi zed coefficients calculated for each air tenperature
interval using Miultivariate GCeneral Linear Hypothesis testing
(MGLH, SYSTAT 1990). The MALH nodel was initiated with data from
two air tenperature neasurenent intervals (i.e. 1 and 14 d) and
consecutive runs were nade by adding new interval data and
renoving data with |ow standardi zed coefficients and
insignificant t-values. The air tenperature neasurenent interva
with the highest standardized coefficient was selected for the
final sinple linear regression on Hells Canyon Dam outfl ow
tenperature on,air tenperature to produce a regression
coefficient (r®).

W also used MaH to analyze the relation between main stem
Snake River water tenperatures, Hells Canyon Dam Conpl ex outfl ow
tenperature, Imaha R ver water tenperature, Salnon River water
tenperature, and G ande Ronde River water tenperature. Data from
RK 312 and RK 265 were used to represent Snake R ver tenperatures
above and below the Imaha and Grande Ronde Rivers, respectively.
We used the standardized coefficients produced by M3dH to anal yze
the effect of each independent variable on water tenperature at
RK 312 and RK 265. The significance of the nodel was based on
the p-value and regression coefficient (RJ.



Resul ts

Redd Counts (1987 to 1991)

During the "two-index-count" years of 1987, 1988 and 1989,
the total nunber of fall chinook sal nbn redds counted were 66,
57, and 58, respectively (Table 2). The total redd count for the
first two index counts in 1990 was 32 and we counted 5 additiona
redds (13.5% of the total index count) during the third index
count for a total of 37. The total redd count for the first two
i ndex counts in 1991 was 31 and we counted 1 additional redd
(3.1% of the total index count) during the third index count for
a total of 32.

Fal | chinook sal non redds counted during the 1987-1991
aerial index counts were distributed between RK 239 and RK 398
(Table 2; Figure 2). Fourteen of the redds (44% of total index
count) were at RK 261 near Captain Johns Creek in 1991. Al 14
of the redds at RK 261 were counted during the 11 and 26 Novenber
i ndex counts. Concentrated spawni ng occurred downstream at RK
245 near Big Bench Point from 1987 to 1990; no redds were
observed at this site in 1991

Refi nenents in Redd Counts

A total of 41 fall chinook sal non redds were counted during
the nine weekly counts in 1991 (Table 3; Figure 3). No redds
wer e observed on 14 or 21 Cctober. The first fall chinook sal non
redd was seen on 28 Cctober. Redd counts peaked on 18 Novenber
and the |last new redd was counted on 9 Decenber.

The total weekly count of fall chinook salnon redds at RK
261 was 15 by 26 Novenber. On 26 Novenber at RK 261, we ground
truthed 11 redds by wading and 9 redds by SCUBA for a m ninmum
count of 20 redds (Figure 4). Therefore, at least five redds
(25% of m nimum redd count) at RK 261 were in water too deep for
detection by air on 26 Novenber.

Physi cal Features of Spawning Habitat at RK 261

Dom nant spawni ng gravel around fall chinook salnon redds at
RK 261 was 2.5 to 15.0 cmin dianeter (Figure 5). Dept hs
neasured at the cross section in Figure 5 ranged fromO0.7 to 2.0
m, while velocities ranged from 0.55 to 1.22 mﬁf (Figure 6).
Spawni ng gravel area at RK 261 exceeded 9, 300 : 76% of which
was under flowing water at the tine data were collected (Figure
5) . Since the mninmum redd count was 20 and each redd occupied a
surface area of approximtely 17 rg roughly 5% of the wetted
spawni ng gravel at RK 261 was utilized by spawning fall chinook
sal mon in 1991



Table 2. Summary of index counts of fall chinook salmon redds on the Snake River, 1987-1991 (from Seidel et al. 1988,
Bugert et al. 1989-1991, Bugert 1991, and Mendel et al. 1992).

1987 1988 1989 1990 1991
River km Landmark 9-NOV 23-NOV 14-NOV |-DEC 13-NOV 27-NOV 12-NOV 26-NOV 11-DEC 1 1 - N O V 26-NOV 9-DEC
240.5 Ten Mile Rapids - - - - 1 1 - 1 -
244.4 Ten Mile Canyon - - 1 - 1 - - - - -
245.2 Big Bench Point - 13 4 20 3 8 4 - -
252.6 Warehouse at Couse Creek - - - - - 1 - 1 - - -
261.3 Captain Johns Creek - - 1 - - 2 - 1
262.6 Captain John Rapids - 3 2 - 2 - - -
265.0 Billy Creek Rapids 5 1 1 - -
266.0 Fisher Gulch - 4 - - - - - -
266.6 Upper Billy Creek Rapids - 2 10 - - - - -
268.1 Lower Lewis Rapids - - - - - -
272.7 Near Lewis Point - - 1 - - - -
277.6 Deer Head Rapids 1 - - - - - -
279.8 Below Shovel Creek - 1 - - - - - - - -
287.9 Cochran Island Read - 1 - - - - -
307.3 Eureka Bar - 1 1 4 - - 2 - - 1 2
308.4 Near Imnaha River - 2 4 - - - - -
311.0 Above Divide Creek 4 - - - 5 - 2 - - -
311.7 Divide to Zig Zag - - - - 3 - - -
312.3 Above Zig Zag Creek - 2 2 - - 2 - - -
315.7 Below Dug Bar, OR 1 3 - - - - -
319.9 Above Robinson Gulch - 1 - - 2 - -
320.0 Below Deep Creek 4 - - - - - -
328.4 Near Blankenship Ranch - 1 - - - - - -
330.2 Above Copper Creek - - - - - -
330.8 Below Getta Creek 1 - - - - -
332.1 Below High Range No.1 1 3 1 - - - 1 -
334.4 Near Lookout Creek Range 1 - - - - - -
334.5 Below Lookout Creek 2 1 - - - - -
337.4 Below Camp Creek 1 - - - - - -
343.7 Pleasant Valley Creek - - - - 2 - 1 - - -
345.5 Near Pittsburg Range 2 - - - - - -
350.4 Durham Rapids - - - 1 - - - -
351.1 Below Cat Gulch 1 - - - - - -
352.9 Kirby Range - - - - - - -
358.5 Near Suicide Rock 3 - 4 - - - -
359.9 Below Temperance Creek - - 1 - - - - -
379.6 Near Hat Creek Mouth 4 2 3 - - - - - -
379.9 Below Saddle Creek 1 1 - - - -
380.9 Below Dry Guich 1 - - - - -
383.6 Above Three Creek Rapids 2 2 - - - - -
387.1 Near Rocky Bar Camp 6 3 - - - - - 3
391.5 Above Warm Springs Camp = 1 1 - - - - -
393.6 Below Brush Creek - 1 - 2 - - -
396.6 Near Rocky Point 1 - - - - - - -
a
Yearly Totals ] 57 58 37 32

2 |n 1991, 9 redds were observed during weekly counts that were not included in index counts (refer to Table 3), and
at least 5 redds were observed by SCUBAdivers at RK 261 that were not observed by air.
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Figure 2. Snake River fall chinook salmon redd number by river kilometer. Data
were collected during index counts on the Snake River from 1987-1991 (Seidel et
1987, Bugert et al. 1989-1991, Bugert 1991, and Mendel et al. 1992).

Table 3. River kilometer (RK), landmark, and new fall chinook salmon redds counted by

date during aerial surveys of the Snake River in 1991. No redds were observed during flights

made on 14 and 21 October.

Neu redds counted by flight date?

RK Landmark 28-0Oct 04-Nov 1 1-Nov 18-Nov 26-Nov 02-Dec 09-Dec Total
1

240.5 Ten Mile Rapids 7 1 - 2
261.3 Captain Johns Creek 1 3 4 - 15
265.0 Billy Creek Rapids - 1 - - 1
268.1 Lower Lewis Rapids - 3 3 - 6
307.3 Eureka Bar 1 3 4
319.9 Above Robinson Gulch - 4 1 - 5
330.2  Above Copper Creek - 2 - 1 3
332.1 Below High Range No.l - 1 - 1
387.1  Near Rocky Bar Camp - - 2 1 1 - 4

Totals 1 9 6 11 8 5 1 41

a
The 21 October t1ight covered the Snake River from Asotin, washington (RK 235) to the mouth of
the Grande Ronde River (RK 271).
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Figure 3. Number of new fall chinook salmon redds counted during each weekly
weeklv counts on the Snake River. 14 October - 9 December, 1991. No redds were
observed on 14 or 21 October (Datafrom Mendel et al. 1992).
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Figure 4. Snake River fall chinook salnmon redd distribution at
RK 261 determ ned by wading (open circles) and by SCUBA (solid
circles), 26 Novenber, 1991.
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Figure 5. Spawni ng substrate distribution and area at RK 261.
Snake River fall chinook salnon redds |ocated by wading (open
circles) and SCUBA (closed circres) are also shown, 26 Novenber,

1991.
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Figure 6. Water depths and velocities collected across the Snake River fall
chinook salmon spawning site at RK 261, 12 November of 1991. Refer to Figure
5 for cross-section location.
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Snake Ri ver Discharge

Snake River average daily discharge for the 20 years after
the conpletion of the Hells Canyon Dam Complex (in 1967) was
hi gher than the average discharge over the 1991 fall chinook
sal non brood year (Figure 7). The only tinme 1991 brood year
di scharge was higher than the 20 year average was 9 to 19
September, 1991 when flows averaged 22.6 KCFS. During the
remaining 75 4 of immigration fall chinook salnon faced
di scharges (average 14.9 KCFS; range 11.9-18.3 KCFS) that were
44% of the Hells Canyon Dam Conpl ex 20 year average (33.7 KCFS;
range 33.5-33.8 KCFS). During fall chinook sal non  spawni ng,
di scharge (average 15.7 KCFS; range 13.9-19.5 KCFS) was about 60%
of the Hells Canyon Dam Conpl ex 20 year average (26.1 KCFS; range
23.2-28.8 KCFS). During fall chinook sal mon egg incubation,
di scharge (average 20.7 KCFS; range 13.9-47.2 KCFS) was about 54%
of the Hells Canyon Dam Conpl ex 20 year average (38.5 KCFS; range
23.2-70.0 KCFS). During fall chinook salnmon fry emergence,
di scharge (average 27.0 KCFS; range 18.4-47.2 KCFS) was about 49%
of the Hells Canyon Dam Conpl ex 20 year average (55.0 KCFS; range
44.9-70.0 KCFS).

80 . .
| mm gration
70 Spawning
[ ncubat i on

~ Emergence /
% 60
,
O 50
2 401 —1967-1988
S — 1991 Brood year
A 30

20

o5 AU S B S BB 51 BB BABR

DATE
Figure 7. Snake River average daily discharge for 1967-1988 and the 1991 fall
chinook salmon brood Xnear Discharge data were provided by the United States
Geological Survey for Anatone Gage, Washington.
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Hel I s Canyon Dam Conplex contributed the majority of
di scharge to the Snake River at Anatone Gage during fall chinook
salnon inmgration (73%), spawning (61%), and early egg
i ncubation (67% for the 1991 brood year (Table 4). It was not
until late in the fall chinook salnon egg incubation period that
natural runoff from the Salnmon R ver (36% and G ande Ronde River
(17% contributed nore flow (53% than Hells Canyon Dam Conpl ex
(469% . I Mmaha River contributed conparatively little discharge
to main stem Snake River at the Anatone Gage (range 1-2%)

Tabl e 4. D scharge contribution by Hells Canyon Dam
I Maha River, Salnon River, and the G ande Ronde R ver
to the main stem Snake River at the Anatone Gage of
Washi ngton during the 1991 fall chinook sal non brood
year. Total flow does not always sum to 100 percent
because the gage stations are not synchronized.

Life stage Date Percent of Snake River discharge contributed
by source
Hells Canyon Imnaha Salmon  Grande Ronde
Dam River River River

Immigration 25 Aug - 18 Nov-91 73 1 24 4
Spawning 28 Oct - 9 Dec-91 61 1 28 9
Early incubation 28 Oct-91 - 5 Feb-92 67 1 23 9
Late incubation 5 Feb - 12 Way-92 46 2 36 17

Hel | s Canyon Dam Conplex affected discharge stability at
Anatone (Gage through the 1991 fall chinook sal non brood year
(Figure 8). The 11-d discharge spike from 9 to 19 Septenber
during fall chinook salnmon inmmgration was the result of dam
operati on. St abl e discharge (average 9.6 KCFS; range 9.4-9.8
KCFS) from the Hells Canyon Dam Conplex from 28 QOctober to 9
Decenber during fall chinook sal non spawning had sone stabilizing
effect on fluctuation at the Anatone Gage (average 15.7 KCFS;
range 13.9-19.5 KCFS). Most of the discharge fluctuation at the
Anatone (Gage during fall chinook sal nbon spawning was the result
of Salnmon River discharge (average 4.4 KCFS;, range 3.6-5.6 KCFS)
and Grande Ronde River discharge (average 1.4 KCFS;, range 0.6-3.9
KCFS) .
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Figure 8. Average daily discharge at Hells Canyon Dam, Imnaha River, Grande
Ronde River, and the main stem Snake River a Anatone Gage, Washington during
thel991 fall chinook salmon brood year. Data were provided by the United

States Geologica Survey.

Despite the discharge fluctuation effects of the Sal non and
G ande Ronde rivers, Snake River flows at the Anatone Gage were
nore stable during fall chinook salnmon spawning in the 1991 brood
year (average 15.7 + 1.2 KCFS) than during the 1990 brood year
(average 16.3 + 1.5 KCFS) when Hells Canyon Dam Conpl ex discharge
was not being stabilized (Figure 9). The 19.5 KCFS spi ke that
occurred on the last day of fall chinook salnmn redd counts (9
Decenber) was the result of dam operation and inflated the
standard devi ation around the 15.7 KCFS average for the 1991
br ood year.
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Figure 9. Snake River average daily dischatge dutitigfall chinook salmon spawning (28
October - 9 December) in 1990 and 1991. Igischarge data were provided by the United
States Geological Survey for Anatone Gage, Washington

Hydroel ectric power peaking at the Hells Canyon Dam Conpl ex
(average 12.5 KCFS; range 9.8-17.0 KCFS) is evident from 16
Decenber to 23 March during fall chinook sal mon egg incubation
(Figure 8). Hel I s Canyon Dam Conpl ex shaped Snake River
di scharge from 16 Decenber through 4 April. During this 118 day
period, discharge at Anatone Gage fell below the highest flow
(19.5 KCFS) during fall chinook sal non spawni ng 52% of the tine.
After 4 April, Salnon River discharge began increasing and
suppl enenti ng Snake River discharge at Anatone Gage.

Early into the energence period fall chinook salnmon fry, on

4 Mpril, Hells Canyon Dam Conplex discharge dropped to 8.8 KCFS;
0.6 KCFS below the 9.4 KCFS average m ni mum di scharge provided
during fall chinook sal mon spawning (Figure 8). Concurrently,

Sal mon River discharge began dropping (9.5 to 9.3 KCFS). Snake
Ri ver discharge at Anatone Gage also fell slightly (22.0 to 21.8
KCFS). On 9 April, the Salnon River spring runoff began and it
shaped di scharge of the Snake River at Anatone Gage through peak
fry energence on 25 April. Peak discharge on the Snake River at
Anat one Gage (47.2 KCFS) on 1 May was influenced by both Hells
Canyon Dam Conpl ex discharge (20.1 KCFS) and Sal non River

di scharge (20.9 KCFS). By 12 May, when fall chinook salnmon fry
energence was ending, discharge at Anatone Gage and the Sal nbn
River was falling towards |ow sunmer |evels, but never went bel ow
the high spawning flow of 19.5 KCFS.
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Snake River \Water Tenperatures

Snake River tenperature at RK 265 (1991) durlng fall chinook
sal non inmigration and spawni ng (averages 16.4 + 4. 2°c and 8.7 *
1.7°C, respectively) were S|mlar to the 1975-1982 averages
(inmmgration average 16.0 + 4.0°c; spawni ng average 8.8 + 2. 1°c;
Figure 10). Water tenperatures at RK 265 in 1991 were si'milar to
the 1975-1982 averages for the first 52 d of fall chinook sal non
egg incubation, but by 19 Decenber the 1991 conditions were
warner and remained SO t hrough fry emergence.

Immigration

TEMPERATURE ( T)
p— —
[ (v}
1 1

__1975-1982
S|~ —— 1991 Brood year

25AUY 2.4 o041 i §v) (e p5935):] STABR
DATE

Figurel0.Aver age dily Swake Rver vater tenperatures for 1975-1982 andthe
1991 fdl chinook samon brood year. Data were provided by the Uni t ed St at es
Geol ogi cal Survey at Anatone Gage for 1975-1982 and the 1991 data were from the
thermograph at RK 265.

On 25 August, the start of fall chinook salnmon immgration
of the 1991 brood year, average daily water tenperature varied by
river kllomater and was slightly cooler upriver (RK 398, 20.4°C;
RK 265, 21.8°C; Figure 11). By 27 August, water terrperature at
all river kiloneters was about 20°C. On 15 Sept enber, two
separate thermal regines forned again, only upriver tenperatures
were warner than downriver tenperatures. On 18 Noverrber the
wat er tenperatures at RK 398 and RK 265 were 11. 1°c and 9.1°%.
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On 28 COctober, when the first fall chinook salmon redd was
counted in the 1991 brood year, water tenperature was warmer
upriver than downriver (RK 398 15.7°C; RK 265 12.4°C; Figure 12).
On the peak date of fall chi nook redd counts (18 Novenber)
upriver temperatures were over 2°c higher than those downriver
(RK 398 11.1°C; RK 265 9.1°C). Upriver water tenperature
remai ned hi gher than downriver water tenperature through spawning
and early incubation until 5 February when tenperatures becane
hi gher downriver (Figure 13). \Water tenperature did not go bel ow
freezing at any nain stem Snake River thernograph |ocation during
fall chinook egg incubation of the 1991 brood year.

Daily average water tenperatures and trends of the |Imaha,
Sal non, and Grande Ronde Rivers were simlar to each other
through the 1991 fall chinook sal nbn brood year (Figure 14). The
nost obvious difference was the greater stability of the Sal non
River tenperature regine. Tenperatures in all three tributaries
exceeded 22.0°C durl ng adult fall chinook salnmon immgration and
declined bel ow 0.5°C during egg incubation.

Daily average Hells Canyon air tenperature (RK 398) neasured
14 d prior to Hells Canyon Dam Conpl ex outflow tenperature (RK
398) explained 89% of the variation in the dams outflow
tenperature during fall chinook salnmon immgration (25 August
18 Novenber, 1991; Figure 15). Air tenperature neasured 30 d
before Hells Canyon Dam Conplex outflow tenperature explained 81%
and 83% of the variation in the damis outflow tenperature during
fall chinook sal non spawning (28 Cctober - 9 Decenber) and early
egg incubation (28 Cctober, 1991 - 5 February, 1992). Air
tenperature neasured 21 d prior to Hells Canyon Dam Conpl ex
outflow tenperature explained 68% of the variation in the dams
outflow tenperature during late fall chinook sal non egg
i ncubation (5 February - 12 My, 1992).
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Figure 11. Snake River daily average water temperatures by river kilometer
during fall chinook salmon immigration, 25 August - 18 November, 1991.
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Figure 12. Snake River daily average water temperatures by river kilometer

during fal chinook salmon spawning, 28 October - 9 December, 1991.
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Figure 13. Snake River daily average water temperatures by river kilometer

during fall chinook salmon egg incubation, 28 October 1991 - 12 May 1992.
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Figure. 14. Average daily water temperatures collected b%' thermogra}ah in the
Imnaha River, Salmon River, and Grande Ronde River, 25 August - 1991 to 12 May -
1992. Reference is made at the top of the figure to the fall chinook salmon

life cycle in the Snake River, 1991 brood year.
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during the 1991 fall chinook salmon brood year.
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Daily average water tenperature at RK 312 regressed on air
tenperature of Hells Canyon (RK 398) and Hells Canyon Dam Conpl ex
outflow tenperatures (RK 398) showed that dam outflow tenperature
is the significant determ nant of Snake R ver water tenperature
upstream of the Immaha River (river nouth at RK 308; Table 5).
During all fall chinook life stages in the 1991 brood year, dam
outflow tenperature (standardized coefficients 0.828 to 0.956)
affected RK 312 water tenperature nore than air tepperature
(standardi zed coefficients 0.079 to 0.188). The R value for
this relation ranged from 0.993 to 0.997 at the 0.0001 |evel of
si gni fi cance.

Table 5. SYSTAT Multivariate General linear Hypothesis test results for relations among
daily average temperature of Snake River uater at RK 312, Hells Canyon air at RK 398, and
Hells Canyon Dam outflou RK 398. Data were collected over the 1991 fall chinook salmon

brood year.

Life stage Dates Temperature  Standardized T-value  P-value R?
variable coefficient
Immigration 25 Aug - 18 Nov-91 Air 0.188 13.939 0.000 0.997
Dam outflow 0.828 61.337
Spawning 28 Oct - 9 Dec-91 Air minus30 d 0.165 3.623 0.000 0.984
Dam outflow 0.841 18.456
Early
incubation 28 Oct-91 - 5 Feb-92 Air 0.044 2.106 0.000 0.993
Dam outflow 0.956 46.165
Late
incubation 5 Feb - 12 May-92 Air minus30 d 0.079 7.447 0.000 0.996
Dam outflow 0.934 88.105

Daily average water tenmperature at RK 265 regressed on air
tenperature of Hells Canyon (RK 398), Hells Canyon Dam Conpl ex
outflow tenperature (RK 398), Immaha River (RK 308), Salnon River
(RK 302), and Grande Ronde River (RK 271) water tenperatures
showed that dam outflow tenperature is a significant determ nant
of Snake River water tenperature downstream of the G ande Ronde
Ri ver (Table 6). During all fall chinook salnmon life stages in
the 1991 brood year dam outflow tenperature (standardized
coefficients 0.448 to 0.833) affected RK 265 water tenperature
nore than any other tenperature variable. The R" value for this
relation ranged from 0.991 to 0.998 at the 0.0001 |evel of
si gni fi cance.
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Table 6. SYSTAT Multivariate General Linear Hypothesis test results for relations among
average daily temperatures of Snake River uater at RK 265, Hells Canyon air at RK 398,
Hells Canyon Dam outflow at RK 398, Imnaha River water, Salmon River water, and Grande
Ronde River uater. Data were collected over the 1991 fall chinook salmon brood year.

Life stage Dates Temperature  Standardized T-value  P-value R?
variable coefficient

Immigration 25 Aug - 18 Nov-91 Air 0.058 2.484 0.000 0.998
Dam outflow 0.591 33.706
Imnaha River 0.107 1.902
Salmon River 0.170 5.186
G. Ronde River 0.097 1.354

Spawning 28 Oct - 9 Dec-91 Air minus 7 d 0.032 0.835 0.000 0.991
Dam outflow 0.833 32.828
Imnaha River 0.109 2.656
Salmon River 0.127 2.551
G. Ronde River 0.046 1.065

Early

incubation 28 Ckt-91 - 5 Feb-92 Air minus 30 d 0.065 2.977 0.000 0.993
Dam outflow 0.731 31.738
Imnaha River 0.150 5.739
Salmon River 0.183 8.248
G. Ronde River -0.060 -1.964

Late

incubation 5 Feb - 12 May-92 Air -0.070 -3.455 0.000 0.996
Dam outflow 0.448 24.835
Imnaha River 0.023 0.643
Salmon River 0.315 15.673
G. Ronde River 0.307 6.405

Di scussi on

The distribution of fall chinook salnon redds in the Snake
Ri ver below the Hells Canyon Dam Conpl ex changed during dam
construction (1956-1967). Prior to the existence of Hells Canyon
Dam Conpl ex, fall chinook salnmon were rarely reported spawning in
what now renmains of the free-flowi ng Snake River between RK 398
and RK 235 (Irving and Bjornn 1981b; Wtty 1988). Perhaps if
spawni ng occurred there, it may have been undetected because of
the inaccessible nature of Hells Canyon. I medi ately after Hells
Canyon Dam Conpl ex was conpleted (1967), fall chinook sal non
spawni ng was observed primarily in the upper third of the Snake
Ri ver bel ow the dam Based on index counts since 1987, nore than
50% of redds were counted in the |lower 23% of the free-flow ng
Snake River. This disproportionate redd distribution was due, in
part, to concentrated spawning at one site as was evident from
1987 to 1990 when 28% the total redd count was nmade at RK 245.
Simlarly, in 1991, 44% of the redds counted during index counts
were at RK 261.

Timng of natural fall chinook sal non spawning from 1967-
1991 is difficult to determ ne because of the inconsistent
nmet hods used in counting redds. Subj ective interpretation of
historic records on Snake River fall chinook sal non suggest that
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spawni ng was predom nantly a Novenber event (Richards 1961; Haas
1965; Irving and Bjornn 1981b; Wtty 1988). In 1991, fall

chi nook sal non spawning in the Snake River began in |ate Cctober,
peaked in md-Novenber, and ended by the second week in Decenber.
I ncreasing the understanding of the timng and duration of fall
chi nook sal non spawning should lead to the prevention of redd
dewatering prior to fry emergence by providing nore accurate
starting dates for egg incubation timng estimtes (Connor et al.
in this report).

Counts of fall chinook sal non redds since 1987 have been
consistently |less than expected when conpared to the nunbers of
fall chinook sal non passing Lower Ganite Dam (RK 173; the |ast
check point for immgrating adults). The ratio of adult fall
chi nook sal nobn passing the dam to redds enunerated by index
counts of the Snake River and aerial surveys of its tributaries
above Lower Granite Reservoir has ranged from 16.0 to 1 in 1991
to 7.3 to 1 in 1990 (Seidel et al. 1988; Bugert et al. 1989-1991,
Bugert 1991; Mendel et al. 1992). In 1991 we attenpted to
account for the above descrepancy by refining the redd counting
t echni que. Refi nement included weekly counts, ground truthing
and deep-water counts. W found that the traditional approach of
three index counts by helicopter under represented the m ninmm
nunber of redds at RK 261 by 25% If we expand the the 1987-1991
i ndex counts by a factor of 0.25 the adult fall chinook sal non
dam count to redd ratio still exceeds 5.8 to 1. Mendel et al.
(1992) docunented the fallback of radio tagged fall chinook
sal ron over all four of the Snake River dams in 1991. O the
seven fish tagged at Ice Harbor Dam that crossed Lower Ganite
Dam only one renai ned above the dam to spawn. O the 15 radio
tagged fall chinook salnon that crossed Lower Ganite Dam 53.3%
(eight fish) fell back. Fal | back of fall chinook sal non at Lower
Granite Dam and undetected redds in the Snake River may explain
the high adult-to-redd ratios.

Wiile it is known that the decline in wild Snake River fall
chi nook sal non nunbers that started in 1957 is due in part to
| oss of spawning habitat (Haas 1965), there is no data on how
much habitat remains in the 163 km of free-flowi ng Snake River in
1991. At RK 261, and other sites in the Hells Canyon reach, we
found sal non spawning in areas with physical characteristics
typical of spawning sites used by fall chinook salnmon in reaches
of the Colunbia River and its tributaries (Burner 1951; Chanbers
et al. 1956; Huntington and Buell 1985; Hanpton 1988; Swan et al.
1989; Arnsberg et al. 1992). At RK 261, and all other spawning
sites we studied in 1991, there was considerably nore area
avai l able for spawning than was utilized by fall chinook sal non.

Di scharge during the 1991 fall chinook sal non brood year was
considerably lower than for the 20 year period after of the
conpletion of the Hells Canyon Dam Conpl ex. Under drought
conditions the operation of Hells Canyon Dam Conpl ex shapes the
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flow reginme of the Snake River as far downstream as the Anatone
Gage at RK 270. Consequently the attenpt by I|daho Power Conpany
(IPCo) to prevent fall chinook salnon redd dewatering between
Hel | s Canyon Dam and the nouth of the Salnmon River (RK 302; Idaho
Power Conpany 1991) appears to have had positive effects as far
downri ver as Anatone Gage (RK 270). However, the premature
increase of flows on the last day of fall chinook sal non redd
counts (9 Decenber) nay have provided sone Decenber spawning fish
with habitat destined for dewatering during subsequent

hydroel ectric power peaking operations. Li kewi se, |PCo reduced
the flows fromtheir 9.4 KCFS minimum on 4 April prior to the
conpletion of fall chinook salnon fry energence. As expected,

Sal mron River discharge was increasing and there is no evidence of
any fall chinook salnon redd dewatering in the free-flow ng Snake
River in 1991.

When conparing Snake River water tenperatures during the
1991 fall chinook salnmon brood year to the limted post-Hells
Canyon Conplex data set, we found differences we suspect are
wholly or partially attributable to drought conditions from 1987
t hrough 1991. Tenperature data indicate the tenperature of Hells
Canyon Dam Conpl ex outflow was influenced by air tenperature
recorded 14 to 30 d prior to the tine of flow rel ease. In turn,
the tenperature of the water released from the Hells Canyon Dam
Conpl ex controlled the Snake River's tenperature regine
downstream as far as RK 265. These results, although
prelimnary, enphasize the inportance of exam ning water
tenperature when studying fall chinook salnon life history in
regul ated river systens.

In recent years, warm water conditions during Snake R ver
fall chinook salnon inmgration have stimulated nmuch debat e,
especially with regards to the existence of a thermal block bel ow
Ice Harbor Dam (RK 15) and the need for water tenperature control
efforts in the Snake River (Chapman 1991; Vigg and Watkins 1991).
Karr et al. (1992) made fl ow based water tenperature control
recommendati ons which were inplemented at Dworshak and Brownl ee
Dans. Karr and his colleagues are collecting additional data and
refining their nodels to make a conclusive assessnent of the
benefits of this tenperature control on adult inmmgration
condi ti ons.

In conclusion, our findings during 1991 indicate: (1) the
nunber of fall chinook sal non redds counted during the first two
i ndex counts of the free-flow ng Snake River dropped from 66 in
1987 to 31 in 1991; (2) fall chinook sal non spawn throughout the
remai ning free-flowi ng Snake R ver and concentrated spawning at
one site is comon: (3) fall chinook salnon spawning is mainly a
m d- Novenber event, but limted spawning occurs in late Cctober
and early Decenber: (4) redd counts in the past have been
inaccurate, but even after refining counting techniques the total
nunber of fall chinook redds found in the free-flow ng Snake
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River in 1991 was critically low, (5) typical fall chinook sal non
spawni ng habitat appears relatively abundant in the renaining 163
km of the free flowng Snake River, but it is dramatically

under seeded; and, (6) Hells Canyon Dam Conpl ex affects Snake

Ri ver discharge and water tenperature throughout the remaining
163 km of free-flowing river, but these effects have not yet been
neasured adequately for specific recovery planning and judicious

wat er nmanagenent. Finally, nost of the information we have
presented in this chapter was collected under the drought
conditions of 1991 and will likely be nodified upon the analysis

of additional data.
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I nt roducti on

Provi ding adequate flows in the Colunbia and Snake rivers to
ensure the timely downstream migration of juvenile Pacific
sal noni ds Oncorhynchus sSpp. is an acknow edged requirenent for
increasing their survival. However, the nagnitude and timng of
the flows required is subject to considerable debate. Devel oping
a better understanding of the mgratory behavior of juvenile
salmonids, and the factors directing and regulating this
behavior, is required to operate the hydropower systemin the
nost efficient manner to ensure juvenile salnonid survival.

Rel atively little is known, particularly for juvenile
chi nook sal mon 0. tshawytscha, about the factors directing and
regulating their seaward migration. The timing of juvenile
salnmon emgration is dependent upon their physiological readiness
to adapt to saltwater, but environmental stinmuli (e.g., water
current, tenperature, photoperiod) nmay direct or trigger
mgration and regulate the rate of mgration (Northcote 1984).
Most sal nonid species in the Colunbia River basin initiate their
seaward mgration in the spring of their second year of life,
but sonme sumrer and all fall races of chinook sal non conpress
their freshwater rearing and mgratory stages into their first
sunmer of life.

Consi derabl e debate has occurred in the scientific
l[iterature on whether the mgration of juvenile salnon is active
or passive (see review by Jonsson 1991). Some conponent of the
m gration nust be active (e.g., the novement of fish out of
backwat ers, sockeye sal non 0. nerka novenent out of a |ake) before
fish would be subject to passive drift by the current, the nobst
efficient mgratory node in terns of bioenergetics (Tytler et al.
1978; Thorpe et al. 1981). There is, however, general agreenent
in the literature that mgration occurs prinmarily at night except
when the water is turbid, in extrene northern |atitudes, or
during the peak of mgration (Jonsson 1991).

Laboratory experinments on hatchery reared Atlantic sal non
Salmosalar (McCl eave and Stred 1975) and coho sal non 0. «kisutch (Fl agg
and Smith 1982) docunented a decline in sw mmng performance from
about eight to two body |engths per second (bl/s) as the
juvenil es underwent the parr-snmolt transformation. This decrease
in performance in conjunction with interpretation of observed
mgration rates led Smth (1982) to develop the paradigm that in
the Colunbia River, yearling salnonids nust mgrate during only
part of a day by swinmng upstreamat up to 2 bl/s. Cbserved
m grations of yearling chinook salnmon mgration tend to support
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this paradigm as the snolt travel tinmes were less than that
estimated by water particle travel time; mgration rates were
primarily dependent upon water velocities, and secondarily upon
snmolt devel opnent, especially early in the mgration (Raynond
1968; Beeman et al. 1991; Berggren and Filardo, in press).

No simlar paradigm has been proposed to describe the
m gration of subyearling chinook salnon. The fact that these
fish rear in, as well as mgrate through, Colunbia and Snake
river reservoirs confounds attenpts to characterize by field
studies the environnmental and biological stinmuli which direct and
regul ate their seaward migration. Therefore, this |aboratory
study was designed with the objectives of determ ning whether
subyearling chinook salnon emgrate actively or passively, and
the influence of environnental and biological factors on
directing and regulating the rate of emgration

Met hods

The basic study design consisted of observing the sw nm ng
behavi or of subyearling chinook salnon subjected to increasing
wat er velocities. Hatchery and migrating fish were subjected to
the test conditions binonthly during the day and night.

i | T : I :

On 8 April 1991, 1,000 Bonneville pool hatchery stock
subyearling chinook salnmon were transferred from Little Wiite
Sal mron National Fish Hatchery (NFH) to an 800 L hol ding tank
(dianeter = 122 cm depth = 69 cn) at the Colunbia R ver Field
Station. Initial water tenperature in the tank was mmintained at
the hatchery water tenperature (7.5°C), and the water flow
created a circular current in the tank. The fish were fed a diet
of |-mm comercial noist pellets until they reached a nean |ength
of 10 cm whereupon they were fed a 2.5-mm pellet. The feeding
ration was adjusted over time to conpensate for change in growth
and water tenperature. Fish were fed once daily five days a
week.

Subyear!ling chinook salnmon assuned to be emgrating were
collected binonthly from Bonneville Dam First Powerhouse from 2
June through 25 August 1991. W haphazardly selected 20 fish
froma sanple of fish passing through the dams bypass system at
the tinme of greatest passage, usually about sunset. The fish were
transported about 40 km to the | aboratory and imediately
transferred into the test flune to be used in a swmmng trial
Fish collected from Bonneville Dam were allowed at least 24 h to
recover from the stress of collection and transportation before
testing. Water velocity in the test flume during this recovery
period was Ol cnis. Fish were not fed during this tine.

I ncandescent lighting illumnated the tanks, and a tinmer was
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used to sinulate the natural photoperiod until 23 April 1991. A
fi xed photoperiod of 0500 to 2000 hours (15 h daylight, 9 h dark)
was maintained from 23 April to 30 August 1991. A fixed

phot operiod was used to ensure sufficient tine for the fish to be
tested in darkness. After 30 August the natural photoperiod was
resuned. Light intensity varied froml-4 lunens in the day and
0.02-0.07 lunens at night.

Al tanks were supplied with well water which flowed through
a Watl ow 50 KW three phase single pass water heater. Wat er
tenperature in the tanks was adjusted to follow the Col unbia
River water tenperature as it changed over tine. During the
testing period water tenperature ranged from 5.5-20.7°C.

Laboratory Set-up,

The test apparatus was a 36-cm wi de by 35-cm deep circular
flume located at the circunference of a 366-cm di aneter
fiberglass tank (Figure 1). A 7.5 horsepower Paco punp connected
to a Magnetek adjustable frequency drive circulated water through
four sets of 1.3-cm PVC pipes containing nine openings directed
into the flume. Two 48 x 122 cm areas equidistant from each
ot her were covered to provide shade. Two sets of six black lines
about 5-cm wide and 8-cm apart were painted on the flunme bottom
equidistant from each other to provide visual reference. A
Javelin infrared sensitive canera was nounted above the flunme and
a Sylvania Mni-Kat indoor infrared Iight was used at night for
illumnation; 3M Scotchlite reflective tape was placed beneath
the camera on the flune bottom to increase available light. A
black line was painted across the reflective tape and divided
into three equal sections to denote the inner, mddle, and outer

sections of the flume (Figure 1). This reference line was
essential in counting the fish. A Burle nonitor and a Javelin
Heliguad 11 VHS record/ playback machine were used to nonitor and

record fish behavior.

Water velocity was neasured in the center of the flume wth
a Marsh-MBirney velocity neter. The velocity neter, nonitor,
and record/ pl ayback machine were located in an adjacent room to
mnimze disturbing the fish during testing.

Experi nental Protocol

I dentical swi mmng behavior trials were conducted during the
day and night. The night trials began after 1 h of darkness
The fish were subjected to progressively increasing water
velocities of 5, 10, 15, 20, 25, 30, 40, and 50 cnis in a 4-h

"Use of trade nanes does not inply endorsenent by the U S
Fish and WIldlife Service.
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peri od. Each velocity was nmaintained for 30 mn; the first 15
mn allowed the velocity to stabilize, and during the second 15
mn the fish were video taped. The day trials began 8 h after
conpletion of the night trials. Upon conpleting a trial the fork
length, weight, and a gill sanple were obtained from each fish.
G|l Na*-K" ATPase activity was neasured according to Zaugg

(1982) , with mnor nodifications.

Data Coll ection and Anal vsi s

Five randomy selected 1.5 min intervals from each 15 mn
taping period were used to quantify the behavior of the fish.
The nunber of fish passing the reference |ine was counted. The
orientation (i.e., facing upstreampositive rheotaxis, facing
downstream negative rheotaxis, passive drifting) and distribution
of the fish in the flunme (i.e., inner, mddle, outer) were also
recor ded. The water velocity the fish were actually subjected to
was corrected on the basis of their distribution in the flune,
adjusting for the discrepancy in velocities across the flune. A
difference in velocity of about 30% exi sted between the mddle
section and the inner and outer sections. The nean displacenent
velocity of the fish at each test velocity was calculated for
each of the five counts at the eight velocities for a total of 40
observations per swinmmng trial. Mean swi nmng velocity of the
fish was cal culated by subtracting their displacenent velocity
fromthe water velocity. The swinmng velocity of the fish was
expressed in cms and bl/s to facilitate conparisons anong
different sized fish. Al statistical tests were executed wth
STATGRAPHI CS software (STSC Inc. 1989).

Two nmethods were used to present the results in terns of
hypot hetical mles traveled by a fish in a day. In the first
net hod, the hypothetical distance traveled per day by a fish
during each paired day-night series conducted was cal cul ated as:

8 8
D = ay DVN, + 2a),DVD,

1=1 1=1

where D = mles traveled per day; DVN = displacenent velocity
(cnm's) during night trial; DVD = displacenent velocity (cnis)
during day trial; a = factor to convert cnis to mles/8 h; and
i = eight water velocity (cnms) |evels. The estimte was

wei ghted on the basis of a 16 h day and 8 h night, which
approxi mates the June-August photoperiod, and conpared with the
distance which would be traveled by passive drift at the mean
wat er velocity tested. In the second nethod, the hypothetica
mles traveled per day at the eight water velocities tested was
cal cul ated as:

D; = a(DVN,)+2a(DVD;) .

1
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The results were then applied to John Day and Bonneville pools by
expressing the water velocities at which the fish were tested as
di scharge rates at John Day and Bonneville dans which would
provi de conparable water particle velocities through these
reservoirs. The appropriate discharge rate was cal cul ated as:

DR = RV/ (RL/b;);
where DR = discharge rate in t housands of cubic feet/s (kefs), RV
= reservoir volune (acre feet), RL = reservoir length (feet), and
b = factor to convert cms to ft/s.

Resul ts

Fish obtained from Little Wite Salnon NFH were tested from
11 April until 10 Septenber 1991 and migrating fish collected at
Bonneville Dam were tested from 4 June until 28 August 1991
(Table 1). The water tenperature was increased from 8°C in Apri
to 21°C by late July where it renmained during August before
declining to 20°C in Septenber. During the course of the study,
hatchery fish increased in nmean length from5.0 to 9.6 cm and
mgrants increased in nean length from 8.8 to 12.3 cm hatchery
fish were 1.3-3.0 cm shorter than mgrants for any conparable
test period (Table 1). Mean gill ATPase activity in hatchery
fish decreased from 11.8 micromoles Pi.mg protein':h™' in Apri
to 6.6 in July before increasing to over 18.0 in |ate August.
Mgrants collected at Bonneville Dam exhibited nmean gill ATPase
activities of 20.0 to 33.5, values consistently higher than
observed in hatchery fish

Swimming Behavi or

Anal ysis of variance indicated that the mean sw mm ng
velocity of hatchery and mgrating subyearling chinook sal non was
significantly different by date and by day and night (F > 14.867;
P < 0.01; Table 2). The nmean swinmng velocity required for a
fish to maintain position at the eight velocities tested was 24.4
cms and when corrected for fish distribution in the flune, 27.7
cm's. The nean swinmng velocity of hatchery fish decreased from
April to July before increasing as the season progressed; the
trend was nore pronounced during the day than at night (Table 2).
Hatchery fish tested during the day exhibited the |owest nean
swinmming velocity as a result of sw mmng downstream from 9 M
through 9 August. The mean swinmng velocity of migrating fis
increased with tinme, peaking in md-July during the day, and at
the end of the study at night. G| ATPase activity and nean
swimmng velocity of hatchery fish were significantly correl ated
(P < 0.01) during the day and night (r = 0.886 and 0. 604,
respectively) but for mgrating fish were not significantly
correlated (P > 0.05; r < 0.323).

Swimming velocity was regressed on water velocities for tine
peri ods which were simlar according to Tukey’s test of the neans
(Table 2; Figures 2 and 3). The coefficients of determ nation
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Tabl e 1. Date and water tenperature (T) when experinments were conducted and the nunber (N)
fork length (FL), weight (WI), gill ATPase activity, and associated standard errors for
subyearling chinook sal nobn used in the experinments.

HATCHERY FI SH M GRANTS
DATE T(°C) N FL(cm) WT(G) ATPase N FL(cm) WT (g) ATPase
April 11, 12 8 19 5.0+0.08 1.140.05 11.8+1.21
April 25, 26 8 12® 5.140.13 1.340.10 8.3+1.04
May 9, 10 10 22 5.940.11 2.1+0.11 9.4+0.92
May 23, 24 11 20 6.4140.11 2.610.14 6.840.48
June 4-7 13 20 6.8+0.17 3.0+0.18 7.440.47 18 9.7+0.12 8.0+0.40
June 18-21 14 20 6.9+40.11 3.3+0.15 8.0+0.36 20 9.140.24 7.4+0.56  23.242.52
July 2-5 16 20 7.5+0.15 4.0+0.20 7.240.44 20 8.8+0.21 6.41+0.54 21.4+1.78
July 16-19 19 20 7.740.14 4.3+0.25 6.6+0.35 21 10.61+0.19 11.940.73 33.5+2.24
July 30, 31 21 21 10.4+0.26 11.8+0.90 32.5+1.47
Aug 8, 9 21 20 8.4+40.11 6.1+0.29 10.91+0.60
Aug 13-16 21 20 8.7+0.12 7.0+0.30 13.1+0.63 19 11.3+0.41 15.5+1.50 20.0+1.04
Aug 27-30 21 20 9.3+0.13 8.6+0.41 18.8+0.93 20 12.3+0.16 19.6+0.80 26.61+2.00
Sept 9, 10 20 20 9.6+0.16 9.2+0.51 18.4+1.38
8 Eight of the original twenty fish in the test escaped fromthe flume into the center of the

tank between the day and the night series.



Tabl e 2.

are not significantly different

Mean swinmmng velocity (cm's) during each test
series of hatchery and actively migrating subyearling chinook
sal nron. Mean values within a colum followed by the sane letter

(P < 0.01) by Tukey’s test.

HATCHERY  FI SH M GRANTS

DATE DAY NI GHT DAY NI GHT
April 11, 12 19.24 14.94d
April 25, 26 13.34 13.8d
May 9, 10 -4.8c 5.6abc
May 23, 24 -3.6cC 3.7ab
June 4-7 -11.4c 2.lab 15.6a 5.6a
June 18-21 -14.6bc 2.1lab 15.7a 11.9ab
July 2-5 -21.8ab 1.8a 38.0b 19.9cd
July 16-21 -28.4a 8.4abcd 43.1b 19.0bc
July 30-31 38.0b 19.8cd
August 8, 9 -13.3bc 12.2cd
August 13-16 21.3d 8.9abcd 39.6b 21.3cd
August 27-30 42.8e 15.04 31.0b 27.3d
Sept. 9, 10 40.2e 10.1bcd

VEAN 3.2 8.2 31.6 17.0
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Figure 2. -Linear regression lines with 95% confidence limits of the
swimming velocity (bl/s) of subyearling chinook salmon from Little White
Salmon NFH versus water velocity (cm/s) by month and time of day tested.

39



Y = 0.33 + 0.16X

2 -
r =073 N=50 .-~

JUNE

— NI GHT ---- DAY

o
-

Y =1.00 + 0.10X

SWIMMING VELOCITY bl/s)
!
N

2
r = 0.63; N = 200

-

L _—
..............

_—

—

T s

= Y = 0.48 + 0.05X
2
r =084 N = 200

R

0 10 20
WATER

Figure 3.-Linear regression

30 40 50 60
VELOCITY (crm/s)

lines with 95% confidence limits

of the swimming velocity (bl/s) of subyearling chinook salmon

collected at Bonneville Dam versus water velocity (cm/s) by month

and time of day tested, 1991.

40




ranged fromx? = 0.319 to 0.955 (P < 0.01) for hatchery fish and
r’> = 0.262 to 0.842 (P < 0.01) for mgrants. For hatchery fish
the slopes of all regressions were simlar but the intercepts
declined from April through July before increasing in August and
Sept enber (Figure 2). The trend was the sanme for fish tested
during the day and night but the changes in intercept were not as
extreme during the night as during the day. Duri ng May, June,
and July hatchery fish swam downstream during the day when water
velocities were less than 40 cnis and during the night when water
velocities were |less than about 20 cnis (Figure 2). Hat chery
fish tested during the day on August 16 changed from sw nm ng
upstream at rates exceeding the test water velocities to
passively drifting, or slightly sw nmng upstream when the water
vel ocities approached 40 cnis. In the remnaining periods the

hat chery fish swam upstream at velocities only slightly less than
the test water velocity, thereby remaining nearly stationary.

In June, mgrating fish changed their sw nm ng behavior
during the day as the water velocity increased (Figure 3). These
fish swam upstream at nmean velocities exceeding 4 bl/s when water
velocities were less than 30 cms and then changed to sw nmm ng
downstream at nean velocities of 0 to -2 bl/s when water
velocities exceeded 30 cm's. During the night these fish
exhi bited nmean swimming velocities that rarely exceeded 2 bl/s.
Mean swinmng velocities of the migrants during July and August
exceeded 6 bl/s during the day and 4 bl/s at night.

The mean day and night maxi mum swi nmng vel ocity observed
during each trial was highest for the smallest fish (Figure 4).
The nean maxi num swi mring velocity declined from over 7 bl/s for
hatchery fish 5.1 cmin length to near zero for hatchery fish 7.7
cmin |ength. The nean maxi mum swi nmng velocity then increased
to about 4 bl/s where it remained for mgrating and hatchery fish
9-12 cmin length. Although hatchery and mgrating fish
exceeding 8.5 cmin length were tested 6 to 8 weeks apart, their
maxi mum swi mmng velocities differed by less than 1.5 bl/s.

Maxi mum swi nming velocity of hatchery and mgrating fish was not
significantly correlated with their gill ATPase activity (P >
0.05; r < 0.451). The hypot hetical nunber of miles a hatchery
fish would be displaced per day at a water velocity of 27.7 cnis,
the nean velocity at which they were tested, increased from Apri
to early July followed by a decrease to Septenber when the fish
woul d nove slightly upstream (Figure 5). The hypot hetica

di stance hatchery fish would be displaced during June and July
exceeded the distance they would be displaced by passive drift
because they swam downstream in the flume during the day.

M grants would hypothetically be displaced only during June and
m ght exhibit upstream novenent, albeit mniml, during July and
August at nean water velocities less than 27.7 cms.

The hypothetical mles traveled per day in John Day and
Bonneville reservoirs were estimated only for June when mgrants
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Figure 4.—Maximum swimming velocity (bl/s) of subyearling chinook
salmon from Little White Salmon NFH and migrating fish from Bonneville

Dam by mean fork length (cm), 1991.
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exhibited their maxi num disposition to mgrate (Figures 3 and 5).
The di stance hatchery fish would be displaced increased in
proportion to increased flows until discharges reached about 80
kcfs and 225 kcfs at Bonneville and John Day dans, respectively,
after which the distance displaced stabilized as flows increased
(Figure 6). For mgrating fish, the change observed in their
swi mm ng behavior from positive to negative rheotaxis at water
velocities of 25=-30 cnis had a pronounced affect on the

hypot heti cal distance they would travel in a day at different

di scharge rates. Mgrating fish would not be displaced
downstream until flows exceeded about 80 kcfs at Bonneville Dam
and not until flows exceeded 225 kcfs at John Day Dam

Oientation and Distribution

Each possible orientation of the hatchery fish in the test
flume was significantly different from each other (£ > 3.265; P <
0.01; Figure 7) as were those of migrants (t > 4.349: P < 0.01).
The predom nant orientation of hatchery fish was negative
rheotaxis, whereas the predom nant orientation of actively
mgrating fish was positive rheotaxis. Negative rheotaxis in
hatchery fish predom nated from May-July and until water
vel ocities exceeded 30 cnis. Hatchery and mgrating fish rarely
drifted passively in the flune.

Significantly nore hatchery and mgrating fish were
distributed in the outer section of the flume than in the mddle
or inner sections (t > 3.797. P < 0.01). The proportion of
hatchery fish in the outer section was |owest during April and
tended to decrease as water velocity increased, whereas their
distribution in the inner section tended to be the opposite
(Figure 8. Although mgrating fish also tended to be
distributed predomnately in the outer section, there was no
meani ngful trend with tine or water velocity.

D scussi on

The test apparatus and protocol worked well and provided
hi ghly consistent data within the individual test series. The
only problem with the apparatus occurred between the 25 and 26
April night and day series when eight of the test fish escaped
fromthe flume into the center portion of the tank. The range
and overlap in length of the hatchery and actively mgrating
groups of fish tested were not as large as desired. This
resulted fromrelatively slow growth by the hatchery fish and
collection of the mgrating fish so far downstream at Bonneville
Dam

The swi nm ng behavi or exhibited by hatchery subyearling
chinook salmon in this study was simlar to that of yearling
hat chery coho sal nobn even though the test protocols were
dissimlar (Flagg and Snmith 1981). Bot h studi es docunented a
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decrease in maxi mum swinmm ng velocity from about eight to near
zero bl/s as the fish smolted followed by a recovery to about
four bl/s. However, the present study also docunented
unanti ci pated behavior patterns when the hatchery fish exhibited
negative rheotaxis when subjected to water velocities |less than
about 40 cnms during May, June, and July and exhibited |ess
downstream novenent at night than during the day.

The sw nmi ng behavior of hatchery fish differed from that of
mgrating fish. The mgrating subyearling chinook sal non
consistently exhibited positive rheotaxis except when water
vel ocities exceeded about 30 cm's during the two daytine trials
conducted in June. This strong positive rheotaxis exhibited at
| ow water velocities during the day would explain why subyearling
chi nook sal non have been docunented to nove upstream in John Day
Reservoir (Mller and Sins 1984). In a 1981-83 study of the
effects of flow in John Day Reservoir on the mgration of
subyearling chinook salnon, 54% of the marked fish were
subsequently recovered upstream from where they had been captured
and released (Gorgi et al. 1990). In the present study
mgrating fish exhibited the expected reduction in nagnitude of
positive rheotaxis from day to night whereas for hatchery fish
t he opposite was docunent ed.

Subyearling chinook salnmon from Little Wite Sal non NFH
exhibited their mnimm swinmng velocity (i.e. nmaxinmm
di spl acenent) during July when they were about 7-8 cm | ong
whereas the mgrating fish exhibited their mninmm sw nm ng
vel ocity during June when they were 9-10 cm | ong. Duri ng these
peri ods the maxi mum swinmming velocities of fish from both sources
sel dom exceeded 2.5 bl/s and were commonly -2 bl/s. The
decrease in maxi mum swiming velocity shown by hatchery fish from
April to July was gradual with no specific size or tine threshold
at which their swinmmng velocity declined abruptly. The | evel of

gill ATPase activity in hatchery fish was significantly
correlated with their nean swinmng velocity but not with their
maxi mum swinmng velocity. The level of gill ATPase activity in

mgrating fish was not significantly correlated with their nmean
or maxi mum swi mri ng vel ocity.

The change observed in June for mgrating fish from positive
to negative rheotaxis indicated a water velocity threshold of
about 30 cm s existed. The fact the sanme behavior was observed
in groups of fish collected two weeks apart indicates the
behavi or was not due to random variation. As shown in Figures 3
and 6, a velocity threshold of about 30 cms would have no
practical affect on the mgration of subyearling chinook sal non
in reservoirs such as Bonneville because sumrer flows normally
provi de higher water velocities. However, summer flows in John
Day Reservoir are conmonly less than the 225 kcfs required to
produce water velocities of 30 cnis. Assumng fish reacted in
the reservoir in the same manner as they did in the |aboratory,
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this apparent water velocity threshold nay affect the mgration
of subyearling chinook salnbn in this reservoir.

In summary, hatchery and mgrating subyearling chinook
sal non displayed their greatest disposition to be displaced
during June and July when they were 7-10 cmin |ength. Duri ng
di spl acenent, fish actively swam upstream at velocities |ess than
that of the water velocity, wusually at velocities just sufficient
to maintain their equilibrium but no greater than 2.5 bl/s.
Passive drift by fish was rarely observed. Hatchery fish tended
to be displaced at greater rates during the day than during the
night and tended to actively sw m downstream from May through
early August. Conversely, mgrating fish tended to be displaced
at greater rates during the night than during the day except at
water velocities exceeding 30 cnis in June when they actively
swam downst r eam Future studies should use subyearling chinook
sal non collected from McNary and John Day reservoirs from May-
August to increase the probability of testing fish which were
natural ly produced and exhibit as wide a range in size and
physi ol ogi cal devel opnent as possible
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I nt roducti on

Research conducted at MNary Dam from 1981 to 1983
determ ned that subyearling chinook sal mon Oncorhynchus tshawytscha
which emgrated earlier in the sumer exhibited greater adult
contribution than did those emgrating later in the summer
(Gorgi et al. 1990). No physical or biological factor could be
isolated as a causal factor for this phenonenon even though a
primary objective of the study was to exam ne the influence of
flows on juvenile emgration and survival, which were about 10%
to 40% above average during the study period. Gorgi et al
(1990) attributed this failure to an inability to recover
sufficient nunbers of marked fish at John Day Dam to estinate
their travel tinme through John Day Reservoir and the interaction
among flow, tenperature, fish size, physiological developnent and
origin of the fish.

This study task was initiated in an attenpt to resolve the
gquestions pertaining to the influence of sumer flows below the
Snake and Col unbia river confluence on the emgration of
subyearling chinook salnon and their contribution as adults.
Primary objectives for this first year of the study were to
determne if sufficient nunbers of subyearling chinook sal non
mar ked and rel eased at McNary Dam could be recovered at John Day
Dam to estimate their travel tinme and if the different groups
mar ked at McNary Dam remai ned tenporally discrete when em grating
from John Day Reservoir. A secondary objective was establishnent
of a data base on the size and physi ol ogi cal devel opnent of the
fish for later analysis if the primary objectives were attained.

Met hods

Juvenil e chinook sal non were subsampled from the juvenile
fish collection system at MNary Dam and marked to determ ne
adult return rates. The dam is equipped wth traveling screens
to divert the juvenile fish from the turbine intakes into
gatewells and to raceways. A subsample of the fish entering the
collection facility was obtained by operation of a tined gate in
the conduit noving fish to the holding raceways. Each subsanpl e
was collected by repeated sanpling during a 24 h period starting
at 0700 hours. The subsanple rate ranged from about 5% to about
20%

Subyearling chinook salnon were marked with coded wire tags
(COW) and branded with cold brands (Jefferts et al. 1963; Everest
and Edmundson 1967). Fish were anesthetised with a preanesthetic
of benzocai ne (ethyl P-am nobenzoate) and an anesthetic of M5 222
(tricaine nethanesul fonate) simlar to that described by WMtthews
(1986) . Juvenile fish were then sorted by species and narked
with CM and cold brands. Three segnents of the mgration were
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marked: early, mddle, and |ate. For each segnent of the
mgration, three CM codes were used resulting in a total of 9
CW codes released in 1991. Each day of the marking, fish were
marked with cold brands with unique conbination of a character,
location, and rotation to identify the fish marked on that day
for subsequent determination of mgration time from McNary Dam to
John Day Dam  Marked fish were released into the fish bypass
system at McNary Dam between 2200 and 2300 hours on the day of
marking. At John Day Dam juvenile salnon were collected using an
air-lift punp (Brege et al. 1990) and the brands on recaptured
fish were recorded.

The marki ng program included nmeasures to ensure the qualit
of subyearling chinook salnmon released at McNary Dam  Fish tha
were previously branded or adipose fin clipped and CAM tagged,
descaled, or had injuries likely to result in nortality were not
mar ked (Wagner 1992). Fish with fork Iengths |ess than 55 mm
were al so not marked. One hundred fish per day were held for 48
h to neasure delayed nortality and coded wire tag |loss. The fish
held for delayed nortality were transported downstream by barge
or truck to prevent confounding of mgration tine estimates to
John Day Dam

Travel tine of branded replications of fish was estinmated by
the method used by the Fish Passage Center i.e., the difference
bet ween the nedi an date of release at McNary Dam and the date
nearest the median date of recovery based on the passage indices
at John Day or Bonneville darms. However, we only estinated
travel time to the nearest day and did not interpolate to the
nearest tenth of a day. Fl ow and tenperature during the travel
time was estimated by averaging the discharge and tenperature at
John Day Dam from the day after fish release at McNary Dam
t hrough the medi an day of recovery at John Day Dam

Results and Di scussi on

Colunbia River flows at MNary Dam decreased from about 300
kcfs in early June to about 125 kcfs in late August and
tenperatures increased from about 12°C to 22°C during the sane
period (Figure 1). Fl ows during June and July were about 70% of
the 50 year average; August flows were about 105% of the 50 year
aver age.

The mean date of subyearling chinook salnon em gration past
McNary Damin 1991 was 6 July, or three days later than the 1984-
90 nean, but the 10% and 90% passage dates were about 10 days
later than the 1984-90 nean (Figure 1; Fish Passage Center 1992).
The nedian date of passage at McNary Dam of branded or PIT tagged
wi | d subyearling chinook salnon captured and released from5 to
13 June in the Hanford Reach was 12 and 13 July (Wagner 1992).
The nedi an dates of passage at MNary Dam of branded subyearling
fall chinook salnon released from Priest Rapids State Fish
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Hat chery (SFH) between 14 to 25 June ranged from1 to 11 July.

The nedi an date of passage for branded subyearling sunmer chinook
sal mon rel eased on 24 June from Wlls SFH was 24 July (Fish
Passage Center 1992).

A total of 105,088 subyearling chinook sal non collected at
McNary Dam were freeze branded, coded wire tagged, and rel eased
in the tailrace (Table 1). An additional 3,000 rmarked fish were
transported after being retained for 48 h to estinmate del ayed
nortality and CM loss. The group of 35,591 early emgrants were
marked with 11 unigue brands from 20 to 30 June which
corresponded to when the cummulative passage index increased from
12% to 29% delayed nortality and tag |oss was 0.4% (Appendi x 5).
The mddle group of 36,006 emgrants were nmarked with 8 unique
brands from 9 to 16 July which corresponded to when the passage
i ndex increased from 58% to 74% delayed nortality and tag | oss
was 0.4% The late group of 36,091 enmigrants were nmarked with 11
unique brands from 24 July to 3 August which corresponded to when
t he passage index increased from 86% to 94% no tag |oss was
observed but delayed nortality was 2.1% for this group

Recaptures at MNary Dam of wild and hatchery produced
subyearling chinook salnon, that were narked and rel eased
upstream indicated the early group of marked em grants were
conposed al nost exclusively of Priest Rapids Hatchery fish and
the mddle and the late groups included both hatchery and wld
fish. Efforts to identify the origin of the marked fish by
el ectrophoresis were not initiated since this nethod can not
discrimnate the stocks of concern i.e., wild and hatchery
produced sumer and fall chinook salnon (Schreck et al. 1986).

Fish in the 26 July replication were applied the sane brand
that was previously used on 28 June. From 3 to 25 July twelve
fish were recaptured at John Day Dam that exhibited the brand
t hat must have been applied on 28 June, but three fish were
recaptured from6 to 8 August which could have been from either
replication. Therefore, the 26 July replication and the three
recaptured in August were excluded from all further analysis.

The nunber of subyearling chinook sal non recaptured at John
Day Dam ranged from 29 to 80 fish for the nine coded-wire tag
replications and from 102 to 226 for the three groups (Figure 2
and Table 2). Estimated travel tines were 6, 20, and 11 days for
the early, mddle, and |late groups, respectively. The estimated
mgration rates from McNary Dam to John Day Dam were 20, 6, and
11 kmid for early, nmiddle, and late groups, respectively. The
Kruskal-Wallis test indicated the tinme of emgration for the
three groups past John Day Dam was significantly different (X%=
321.6; P < 0.001) and Tukeys test (P < 0.05) indicated all three
groups were significantly different from each other
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Table 1. The date, coded-wire tag code, and number of subyearling chinook
salmon released in the tailrace of McNary Dam and the number of fish retained
for 48 hours with their tag loss and mortality prior to transportation, 1991.

CWT Marked Tag Percent
Date Code Marked & Held Mortality Loss Loss
June 20-25  21/11 11,218 650 - ) 0 03
June 26-27 27/10 12,000 200 0 1 0.5
June29-30 27/9 11623 800 . 2 ] 0 0.7 .
Sub-Total . 3,881 LIS LSRR Lo 0.4
July 9-11 27/8 11,702 300 0 0 0
July 12-13 27/7 11,804 200 1 1 1.0
duy 1416 21/6 1700 30 SR 0 03 __.
sub-Total 35200 80 2 . S 04 .
July 24-29 27/5 11,489 550 17 0 3.1
July 30-31 26/63 11,824 200 3 0 1.5
Mg 13 2/62 11728 300 2 ] 0 07 .
Sub-Total 35,041 1,050 22 0 2.1
Total 105,088 3,000 28 2 1.0
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Table 2. Median dates and number of subyearling chinook salmon released at McNary
Dam and the number recovered, expanded index, and percent detected at John Day and
Bonneville dams, 1991.

MCNARY DAM RELEASE RECOVERY AT JOHN DAY DAM RECOVERY AT BONNEVILLE DAM
CWT MED. NUM- MED.  NUM- % MED.  NUM- %
Code DATE  BER DATE  BER  INDEX DETECT DATE BER  INDEX DETECT
27/11 6-24 11,218 7-30 39 529 4.7 7-04 87 225 2.0
27/10 6-26 12,000 7-03 29 390 3.3 7-04 208 526 4.4
27/9 6-29 11623 7-05 34 465 4.0 7-07 174 421 3.6
EARLY 6-27 34,841 7-03 102 1,384 4.0 7-05 469 1,172 3.4
27/8 7-11 11,702 7-23 17 871 7.4 7-25 117 151 1.3
27717 7-12 11,804 7-27 69 790 6.7 7-27 68 91 0.8
27/6 7-15 11,700 8-05 80 864 7.4 8-06 45 61 0.5
MIDDLE 7-12 35206 8-01 226 2,525 7.2 7-26 230 303 0.9
27/5 7-25 10,551 8-07 63 664 6.3 8-09 71 95 0.9
26/63 7-30 11,824 8-10 58 630 5.3 8-11 109 148 1.3
26/62 8-02 11,728 8-12 58 636 5.4 8-13 71 108 0.9
LATE 7-30 34,103 8-10 179 1,930 5.7 8-12 251 351 1.0
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The nunber of fish recaptured at Bonneville Dam ranged from
45 to 208 for the nine coded-wire replications and 230 to 469 for
the three groups (Table 2). The nedi an dates of recapture for
the replications at John Day and Bonneville danms indicated the
fish traveled rapidly through the Dalles and Bonneville
reservoirs conpared to travel time through John Day reservoir.
The Kruskal-Wallis test indicated the tinme of em gration for the
three groups past Bonneville Dam was significantly different (X2
= 777.7: P < 0.001) and Tukey's test (P < 0.05) indicated all
three groups were significantly different from each other.

The travel tine of subyearling chinook sal non through John
Day Reservoir was significantly correlated (P < 0.05) with flows
(r = -0.754) and gill ATPase activity (r = 0.751) but not wth
date of release, tenperature, or their length at release (Table
3) . W believe the negative sign of the correlation between
travel tinme and ATPase was nost likely a spurious relation as a
result of only two levels of flows during the observations. The
flows were clustered with two points at about 260 kcfs and six
poi nts near 165 kcfs. The first three coded-wire tag
replications were conbined into two replications to increase the
nunber of recoveries at John Day Dam

Summary and Recommrendati ons

1. The desired nunber of 108,000 subyearling chinook sal non
emgrating during the early, mddle, and [ate segments of the
m gration were successfully nmarked and rel eased in nine .
replications of 12,000 fish at McNary Dam Del ayed nortality and
tag loss (1.0% was |ow.

2. Adequate nunbers of branded fish were recaptured at John
Day and Bonneville dans to estimate the three groups of fish
maintained their integrity and em grated separately in relation
to when they were rel eased.

3. Travel time of subyearling chinook sal mon through John
Day Reservoir was not significantly correlated with date of
rel ease, tenperature, or fish size. A negative correlation
between travel tinme of subyearling chinook salnmon and flow and a
positive correlation between travel tine and ATPase activity
suggested the effects of flow overwhel med the effects of ATPase
activity in this small data set.

4. Additional sanpling equipnment and recording recovery to

the nearest hour at John Day Dam in 1992 will provide nore
accurate estimates of travel time in future years.
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Table 3. Correlation of subyearling chinook salmon travel time from McNary Dam to
John Day Dam with the median date of release, flow, temperature, ATPase activity,
and fork length (FL) of the branded groups, 1991.

MEDIAN TRAVEL FLOW TEMP ATPase FL
DATES DATE TIME(d) (kcfs) (c) Activity (cm)
Jun 20-26 25-Jun 5 256 15 16.2 10.0
Jun 27-30 28-Jun 7 261 16 14.6 10.1
Jul 09-11 11-Jul 12 178 18 30.5 10.1
Jul 12-13 12-Jul 15 171 18 29.7 9.9
Jul 14-16 16-Jul 21 157 19 29.7 9.9
Jul 24-29 25-Jul 13 157 19 28.7 10.6
Jul 30-31 30-Jul 11 163 20 28.0 10.9
Aug 01-03 02-Aug 10 167 21 28.0 10.8
r 0.383 -0.754 0.491 0.751 0.213
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I nt roducti on

Subyearling chi nook sal non Oncorhynchus tshawytscha nat ural |y
produced in the Hells Canyon reach of the Snake River were tagged
Wi th passive integrated transponders (PIT) and recaptured at
Lower Ganite Damto record tine of emgration (Connor et al.

1992 in this report). Since the goal of this tagging was to

better understand factors affecting their emgration, it was
inportant to determne what effects tagging would have on
subyearling chinook sal non behavior and survival. If PIT tagging

significantly altered behavior, especially mgratory behavior,

t hen concl usions about their outmigration drawn from PIT tag
recapture data could be erroneous. Furthernore, survival of
tagged fish was a concern because the Snake River fall chinook
sal non stock had declined to such |ow nunbers it was being
considered for listing under the Endangered Species Act. Taggi ng
fish fromthis threatened popul ation would be unacceptable if it
caused high nortality.

Connor et al. (1992 in this report) anticipated that
subyear!ling chinook salnmon ranging from55 mm to 70 mm woul d be
readily captured by seine in nearshore habitats downstream from
spawning areas in the Hells Canyon reach and conversely that
larger fish would be widely dispersed in deeper habitats
requiring large traps or weirs for capture. Therefore, if
adequate nunbers were to be tagged it would be necessary to
inplant tags in fish as small as 55 mMmto 65 mm fork | ength.

During the devel opnent of PIT tags for use in juvenile
sal noni ds considerable information was collected on the behavior
and survival of fish after tagging (Prentice et al. 1990a).
They neasured growth, survival, and PIT-tag retention for
subyear!ling chinook salnon with mean fork |engths ranging from 66
mmto 100 nm survival ranged from 95 to 100% for about 135 d
Less than 12% nortality 45 4 after tagging was reported for
juvenile steel head 0.mykiss wwth nean fork lengths 80 mmto 129 mm
(Prentice et al. 1986). Although the results of Prentice et al.
(1990a) did not denonstrate a relationship between fish size and
tagging nortality rate or tag retention rate, the fish we would
be tagging were smaller than those other investigators had
t est ed. Because the PIT tags were 12 nm |long we anticipated
there would be a mninmum fish size bel ow which tagging would be
lethal and that limt had not been determ ned.

This study was designed to quantify the effects of PIT
taggi ng procedures on the survival of 55 mm to 70 nm subyearling
chinook salnmon. W also wanted to determ ne whether tagging
significantly changed sal non behavior which could bias our
interpretation of their emgration timng. In addition to
nortality tests, we used swim performance and predation
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vul nerability as quantifiable indicators of the effects of

t aggi ng. SwW m performance and predation vulnerability were used
by Barns (1967) to conpare the viability of artificially produced
sockeye salnon O.nerka fry to naturally produced fry. W
evaluated swinmming stamna as an indication of physical condition
of the fish. Predation vulnerability tests were conducted to
evaluate the effects tagging had on conplex behavior; in this
case predator avoi dance.

Met hods

Al'l subyearling fall chinook salnon used in these
experinments were of the upriver bright stock obtained from Little
Wiite Sal non National Fish Hatchery. The upriver bright stock of
fall chinook salnbn was selected as a surrogate experinmenta
animal for the Snake R ver stock because they are closely related
and were readily avail able.

Ten to 15 experinental fish were netted from a hol ding tank
and placed in a bucket of water containing 26 mg/L tricaine
met hanesul fonate (Ms-222) anesthetic in preparation for tagging.
Prior to tagging fish were renoved from the bucket and wei ghed
and neasur ed. Fish were then held for tag insertion in a slit on
a sponge. PIT tags used in these experinents were approximtely
12 mfmin length and 2 mmin dianeter. Each PIT tag was inserted
into a 12 gauge hypoderm c needle prior to tagging. The needle
was inserted into the fish so that the bevelled tip conpletely
penetrated beneath the surface of the skin at a point on the
mdline of the ventral surface posterior to the pectoral fins.
The tag was pushed out of the needle so it was positioned just
beneath the skin anterior of the wound. Then the needl e was
backed out of the wound and the wound was swabbed wth
di si nfectant. The fish was placed in aerated water to revive it
fromthe anesthetic. These operations constituted the act of PIT
tagging the fish and use of the word tagging in this paper refers
to this process. Each fish required approximately 1 mnute 30
seconds to tag after renoval from the anesthetic; including
wei ghi ng and neasuri ng. In each type of test described below PIT
tagged fish are referred to as treatnent fish and fish wthout
tags are controls.

Swi_mm na St anmi ha

Swi mm ng stam na of subyearling chinook sal non was estimated
using a Blazka respironeter (Blazka et al. 1960). Swi mmi ng
stamna was determned after fish were allowed post-tagging
recovery periods of 0.5, 4, 24, 48, or 96 h. After recovery, siX
fish were selected randomy from control and treatnment fish
hol di ng tanks. Fish from each group were placed in two separate
conpartnents of a swim chanber. To keep track of individua
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fis|£1, each was identified by unique natural markings such as parr
mar ks.

The swim chanber was calibrated prior to testing by placing
a Marsh-McBirney water velocity neter in the swi m chanmber to
neasure water velocity. \Water flow was generated by an inpeller
at the rear end of the swim chanber which was turned by a
vari abl e speed electric notor. I mpel l er turning speed was
neasured by a tachonmeter. A plot was generated of flow
velocities neasured by the flow neter in the swim chanber and the
revol utions per second of the inpeller. The tachoneter was then
used during the course of the swmtests to indicate water
velocity in the sw m chanber.

An electrified grid at the downstream end of the swim
chanmber was used to stinulate fish to swm to exhaustion. Bl ack
plastic was wapped around the central portion of the swim
chanber and the downstream end of the chanber was illum nated
with a 100 watt light to discourage fish from seeking refuge from
velocity in front of the electrified grid.

Fish were given 0.5 h to acclimate in the swi m chanber
before testing began. Those fish held for the 0.5 h recovery
period were placed in the swim chanber imrediately after tagging
and allowed to acclinate. During the first replicate of swm
performance tests water tenperatures at the end of the swimtests
were 13°C to 14°C due to low volune of water circulation. Water
tenperature during the second replicate of swimtests was held
bet ween 10.4°C and 11.6°C by circulating fresh water through the
chanber . Water velocity for each swm test began at 1.5 body
| engths per second (bl/s) and was increased 0.5 bl/s every 15
m n. One body length was defined as 60 nm al though fish ranged
in length from49 mmto 63 nm Tests were continued until all
fish were fatigued. A fish was considered fatigued when it
| odged agai nst the grid.

Tinme of fatigue, Ucritical, was calculated for each fish
using the following fornmula from Beamish (1978):

U-critical = U. + (t,/t;; * U;,) : where, U; = highest velocity
i ncrenent during which tish was not fati gued, U;; = velocity
increment (0.5 bl/s), t, = tine (mn) fish swam during final
increment, and t,; = tine period of each increnent (15 mn).

A general |inear nobdel analysis of variance (ANOVA) was used
to analyze the inportance tagging and recovery period had on swim
per f or mance. The general linear nodel was used because of the

unbal anced design of the experinent (SAS 1988). Three other
vari abl es, chanber position, experinental replicate, and fork
length, were included in the analysis to determ ne what effects
each had upon the swimtest results. Mean U=-criticals for
treatnent and control groups in each trial were also conpared
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using the Tukey nmethod for t-tests to further analyze the
i nportance of recovery period for each trial

Predation VWulnerabilitv

The primary neasure of relative performance in the predation
vul nerability experinment was the nunber of subyearling chinook
salnon treatnment and control fish that were consuned by
smal | mout h bass Micropterus dolomiewi. Tanks in which the experinents
were conducted neasured 1.2 m in dianeter. Four segnments of 20
cm di anmeter polyvinyl chloride pipe were placed in each tank to
provide structural diversity and cover. Treatnment and contro
groups were simultaneously introduced into a tank hol ding four
smallmouth bass and exposed to predation risk for 24 h. \ater
tenperature in the tanks was 10°c. Goups of treatnent and
control fish were allowed either 0.5 h or 96 h recovery tine
prior to predation exposure. Control fish were held under the
sane conditions as treatnent fish before introduction into tanks
where experinments were conducted. Subyearling chinook sal non
used in predation experinents ranged from 48 mmto 73 mm fork
length with a 59 nm nean fork |ength. Smal | nout h bass chosen
randomy from a holding tank were given at least 24 h to
acclimate to the tanks prior to introducing subyearling chinook
sal non. Smallmouth bass were not fed during the acclinmation
peri od. Smal | mrouth bass |length ranged from 199 mm to 268 nm fork
l ength; weight ranged from 111 g to 242 g. At the begi nning of
each predation experinent 32 treatnent and 32 control fish were
simul taneously introduced into the tank. After 24 h al
survivors were renoved, weighed, neasured, and identified as
treatment or control fish by examning their ventral surface for
insertion scar and scanning with a PIT tag detector (Prentice et
al. 1990b). Predators were also weighed and neasured at the end
of each 24 h test. Three replicates of the predati on experinment
were conducted for 0.5 h and 96 h recovery groups in each of the
trials that started 10 May and 17 May.

Chi -square goodness of fit tests were used to conpare the
nunber of treatnent and control fish eaten to the expected nunber
eaten in each group wthin each tank. The null hypothesis was
that prey selection by smallmouth bass did not vary from random
feeding. Alternatively, the hypothesis was stated as an
expression of prey vulnerability; treatnent or control fish were
not consunmed in greater nunbers than their relative proportion in
t he tank: 0.5 h and 96 h recovery tests were anal yzed
separately. Chi-square heterogeneity tests were applied to data
for all tanks of a recovery group to test whether the proportion
of treatnment and control fish eaten varied anong tanks. \Where
het erogeneity was not significant, data from all tanks of that
recovery period were pooled and an overall chi-square test used.
For tanks in which there was no significant difference in the
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nunber of treatnment and control fish eaten statistical power was

cal cul ated using Design-Power program (Bavry 1984). Size
selectivity of treatment fish by predators was tested using a
Kol nbgorov-Smirnov test; the cunulative length frequency

distribution of surviving treatnent fish was conpared to that of
treatment fish initially introduced into the tanks.

W also conducted tests to conpare the vulnerability of
shamtagged fish to control fish. Fi sh were sham tagged by
inserting the tag injection needle into their abdonmen w thout
inserting a PIT tag. Equal groups of 32 shamtagged fish and 32
controls were subject to predation as described for the other
predation tests. Results were anal yzed using chi-square tests to
determine if predators were selectively depredating sham or
control fish as was done for the PIT tag tests.

Taq Retention and Delaved Mortality

Treatment and control groups of subyearling chinook sal non
were held in separate 0.5 m dianmeter tanks for 96 h after tagging
to assess nortality. Water tenperature in the tanks was 10°C .
Two groups of 40 fish were anesthetized and tagged and then held
in separate tanks. Two groups of 40 control fish were also held
in separate tanks identical to those holding the tagged fish.

Fish were not fed during the 96 h they were held. In the first
trial, the mean fork length of treatnent fish was 57 nm conpared
to 55 mm for the control fish. During the second trial, mean

fork length of treatnment fish was 63 mm and the nmean fork |ength
of control fish was 60 mm  Tanks were checked 24, 48, 72, and 96
h after PIT tagging. Al dead fish were renoved, counted

wei ghed, and neasur ed. Fish fromthe treatnment groups were

exam ned for tags. At the end of 96 h all fish were renoved from
the tanks, weighed, neasured, and treatnment fish checked for tag

retention.

Follow ng the 1991 trials which we reported here, we
conducted a series of trials in which subyearling chinook sal non
of the upriver bright stock were tagged and held for 90 d. The
taggi ng protocol was the same as used for the experinents
descri bed here except that the anesthetic used in the 1992 tests
was buffered with 0.1 g salt and 3.5 g baking soda per gallon of

wat er . One mililiter of polyproaqua (synthetic sline) was al so
added to the solution. G oups of 100 treatnent fish and 100
control fish were held in each of 3 rearing tanks (N = 600). The

nmean fork length of fish were 57, 65, and 72 nmm for the treatnment
fish and 56, 65, and 72 mm for the control fish
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Resul ts

Swi mm na St ani na

The presence or absence of PIT tags in subyearling chinook
sal mon was significant in explaining the variability in sw mmng
stam na as neasured by U-critical sw nmmng speed (ANOVA; P <
0.05). An interaction variable (tagging by recovery period) was
also significant in the ANova, indicating that sw m perfornances
of treatnment and control fish were affected differently depending
on recovery period. Sw m chanber position, experinental trial
and fork length were not significant variables in the ANOVA (P >

0. 05)..

Fish tested after 0.5 h recovery period had significantly
| ower swinmming stamina than those allowed 4 or nore hours
recovery tine when conpared using Tukey’s test of nmeans (Table 1
and 2). In general, U-criticals of treatnent fish were |ower
than controls when allowed 0.5 h recovery, but conparable with
controls when tagged fish were allowed four or nore hours
recovery (Figure 1).

Predati on Vulnerability

During the 0.5 h recovery tests snallnmouth bass consumed a
| arger proportion of treatnment fish than control fish in al
tanks (Figure 2). The heterogeneity chi-square test conparing
the proportion of treatnent and control fish eaten in all tanks
was not significant for the 0.5 h recovery tests. Ther ef or e,
data was pooled fromall six tanks of the 0.5 h recovery
replicates and the pooled chi-square calculated (Sokal and Rohlf

1981). The pooled chi-square was significant indicating that a
greater proportion of treatnent fish were eaten than woul d be
expected if predation was random Additionally, individual chi-

square tests for three of the six 0.5 h recovery tanks showed a
significant difference in the nunber of treatnent and contro
fish that were eaten (Table 3).

When the subyearling chinook salnon were allowed 96 h to
recover prior to the predation test there was no significant
trend in feeding selectivity by smallmouth bass for either
treatnent or control fish (Figure 2). The chi-square test for
het erogeneity was significant so that pooling the data for al
six 96 h predation tanks was not appropriate. The nunber of
treatment and control fish eaten was not significantly different
in any tank of either trial one or trial two (Table 4).

Results of the shamtag tests also showed no significant
trend in selectivity by smallmouth bass (Figure 3). For the 0.5
h recovery period, chi-square values conparing treatnent and
control fish showed no significant difference in any trial. In
tank four, 16 treatnment fish and 8 control fish were eaten and
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Tabl e 1.

criticals for

gr oups.

0. 05, df = 158,
of Studentized Range
< 0.05 Ievel

Tukey’s studentized range (HSD) test

each recovery period for
The 95% confidence limts were calculated with al pha =

and a resulting critica
Conmpari sons significant

MBE = 2.890148,
3. 903.

are indicated by asterik (¥*).

of mean U-
Pl T-t agged and contr ol

at

val ue
the P

Si mul t aneous

Si mul t aneous

Lower D fference Upper
Recovery Confi dence Bet ween Conf i dence
conpari son Limt Means Li mt
0.5 =96 -2.921 -1.964 -1. 006 *
0.5 =24 -3.091 -1.918 -0. 746 *
0.5 - 4 -2.700 -1.527 -0.354 *
0.5 =48 -2.470 -1. 297 -0.125 *
4 - 96 -1.610 -0.437 0. 736
4 - 24 -1.746 -0. 391 0.963
4 - 48 -1.125 0. 230 1. 584
4 - 0.5 0. 354 1. 527 2.700 *
24 - 96 -1.218 -0. 045 1.127
24 - 4 -0. 963 0.391 1.746
24 - 48 -0.733 0.621 1.975
24 - 0.5 0.746 1.918 3.091 *
48 - 96 -1.839 -0. 666 0. 506
48 - 24 -1.975 -0.621 0. 733
48 - 4 -1.584 -0.230 1.125
48 - 0.5 0. 125 1. 297 2.470 *
96 - 24 -1.127 0. 045 1.218
96 - 4 -0.736 0. 437 1.610
96 - 48 -0. 506 0. 666 1.839
96 - 0.5 1. 006 1.964 2.921 *
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Tabl e 2.

listed by tine of

Mean U-critical,
recovery after

| engths and standard deviations are

taggi ng for

each group of six

treatment and six control fish swum simltaneously in a divided
respironeter.
PIT Tag Control
Recovery Mean FL Mean Ucrit. Mean FL Mean Ucrit.
Peri od (SD) (SD) (SD) (SD)
Trial 1
0.5 hours 58 (1.00) 3.09 (1.87) 58 (1.26) 5.99 (0.82)
0.5 hours 58  (1.11) 3.76 (2.38) 58  (1.34) 6.69 (1.13)
24 hours 57  (1.34) 8.60 (2.26) 56 (2.69) 7.87 (2.09)
24 hours 56  (2.05) 6.60 (1.73) 58  (2.67) 7.49 (0.92)
96 hours 58  (1.41) 7.70 (1.79) 56  (1.80) 7.92 (1.05)
96 hours 60 (0.50) 8.26 (1.37) 56 (1.68) 8.10 (1.09)
Trial 2
0.5 hours 58 (1.77) 6.47 (2.00) 60 (1.57) 7.16 (1.02)
0.5 hours 59 (1.89) 5.00 (2.89) 57 (1.41) 7.36 (1.05)
4 hours 60  (1.60) 7.07 (O0.88) 55  (2.13) 7.11 (0.64)
4 hours 58  (2.99) 7.16 (2.54) 60  (2.03) 7.41 (1.42)
48 hours 56 (1.60) 6.88 (1.45) 56 (4.47) 6.60 (1.43)
48 hours 57  (3.44) 7.14 (1.70) 57  (1.49) 7.46 (0. 83)
96 hours 56 (0.96) 7.50 (0.54) 53 (3.42) 6.89 (0.87)
96 hours 58 (1.80) 7.60 (0.35) 56 (3.67) 7.53.(0.57)
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Figure 1. Frequency histograns of Uwcritical values for all fish
tested. A Al PIT-tagged and all control fish. B. Pl T-tagged
fish with 0.5 h and 4 h recovery periods. C. PlIT-tagged fish
with 24 h, 48 h, and 96 h recovery peri ods.
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Figure 2. Total nunber of subyearling chinook salnmon eaten in
predation vulnerability trials. Trials begun on May 10 and May
17 are shown separately as are individual tanks (1, 2, and 3) in
which tests were conducted. The two recovery periods, 0.5 h and
96 h, are included for conparison.
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Tabl e 3.

Resul t s of

predation risk experinent

in which PIT

t agged subyearling chinook salnmon allowed 0.5 h recovery and
controls were exposed to 24 h predation risk by smallnouth bass.

Tag Trial- Nunber Expect ed Cchi- P-val ue Power
t ank eat en number square
nunber eat en
PIT 13
[ -1 9.0 3. 556 0. 056 0. 47
Contr ol 5
PIT 13
[-2 10.0 1. 800 0.176 0. 27
Contr ol 7
PIT 17
-3 13.5 1.836 0.174 0. 27
Contr ol 10
PIT 9
2-1 5.5 4. 455 0. 033
Contr ol 2
PIT 12
2-2 7.5 5. 400 0. 019
Contr ol 3
PIT 8
2-3 4.5 5.440 0. 019
Contr ol 1
PIT 72
Pool ed 50.0 19. 360 0. 00002
Contr ol 28
Tot al 22. 469 0. 0005
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Tabl e 4. Results of predation risk experinment in which PIT
t agged subyearling chinook salnon allowed 96 h recovery and
controls were exposed to 24 h predation risk by smallnouth bass.

Tag Trial- Nunber Expected Chi- P-val ue Power
t ank eat en nunber square
nunber eat en
PIT 9
[ -1 6.0 3.000 0. 080 0.41
Contr ol 3
PIT 21
| -2 17.5 1.400 0. 235 0.22
Contr ol 14
PIT 6
| -3 4.5 1. 000 0.681 0.17
Contr ol 3
PIT 3
2-1 5.5 2.273 0.127 0. 33
Contr ol 8
PIT 8
2-2 6.0 1. 333 0. 247 0.21
Contr ol 4
PIT 5
2-3 50 0. 000 1.000 0. 05
Contr ol 5
PIT 52
Pool ed 44.5 2.528 0.107 0. 36
Contr ol 37
Tot al 9. 006 0.1087
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in tank five 8 treatnment fish and 7 control fish were consuned.
The heterogeneity chi-square was significant therefore the data
for the two tanks was not pool ed. For the 96 h recovery period
tests, 5 treatment and 5 control fish were eaten in tank 4,
while 2 treatnment fish and 4 control fish were eaten in tank 5.
The heterogeneity chi-square was significant so that data was not
pool ed.

A conparison of nean fork lengths of all PIT-tagged fish
exposed to predation to all surviving PlIT-tagged fish showed no
significant difference between groups. Mean size of introduced
PIT tag fish was 59.9 nm (SD = 5.21) while nean size of survivors
was 60.7 nm (SD = 5.28). A Kol nbgorov-Snmirnov test was used to
conpare the size of the PIT tagged survivors to the size of PIT-
tagged fish initially stocked in predation tanks in each trial
the test showed no significant differences in their cunulative
frequency distributions (P > 0.05). These results suggested
there was no significant relationship between tagged fish size
and vulnerability to predation

Tag i Delave

Tag retention for all groups of PIT tagged fish was greater
than 97% (Table 5). In the first trial of the 1991 experi ment
begun on 10 May overall tag retention was 97%, while in the
second trial begun May 17 tag retention inproved to over 99%
Mortality for all groups of treatnment fish, including those held
for 96 h predation trials, was 19.7% conpared to no nortality for
control groups. In those tanks where treatnent fish were held
for tag retention and nortality tests, nortality ranged from 7%
to 27% of the fish stocked in each tank conpared to no
nortalities in the control groups (Table 6). During 1992
experinents, over a 90 4 hol ding period, nortality of tagged
fish was 7% while that of control fish held in the sane tanks was
6% Total nunmber of nortalities of tagged fish was 21 while 20
control fish died.

D scussi on

The effects of PIT tagging on subyearling chinook sal non
behavi or were substantial, but appeared to be short term
PIT tagging significantly |lowered the swinmng stam na of fish
allowed only 0.5 h to recover after tagging. Pl T-tagged fish
allowed four or nore hours to recover performed as well as
control fish in swinmmng stam na tests.

W assuned that swimming stamna was positively related to
subyearling chinook salnon survival in the natural environnent.
Tayl or and Foote (1991) found that juvenile sockeye sal non showed
significantly greater mean U-critical swinmmng velocities than
kokanee and suggested that the divergence was due to a relatively
strong selection for increased swiming stamna in the
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Tabl e 5. Percent of PIT tags retained up to 96 h by subyearling
chi nook salnmon tagged on 10 May 1991 (trial 1) and 17 May 1991
(trial 2).

Tag retention

Experi ment Nunmber of fish
and trial nunber PIT tagged Nunber Per cent
Predati on

0.5 hour recovery
1 53 51 96
2 64 64 100

96 hour recovery

1 60 60 100

2 80 79 99
SwWi m Test

1 59 57 97

2 64 64 100

Del ayed Mortality
1

81 77 95

2 81 80 99
Cunul ati ve

1 253 255 97

2 289 287 99
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Tabl e 6. Del ayed nortality of subyearling chinook salnmon PIT
tagged on 10 May 1991 (trial 1) and 17 May 1991 (trial 2) and
held in tanks conpared to nortality in fish neither tagged nor

anest hetized (control). Forty fish were held in each tank.
Hours after Mortalities and cunul ative percent nortality
taggi ng and by tank
trial nunber
PIT tag control PIT tag control

24

1 10 (25% 0 7 (179 0

2 11 (279 0 3 ( 7%) 0
48

1 1 (27% 0 0 0

2 0 0 0 0
72

1 0 0 0 0

2 0 0 0 0
96

1 0 0 0 0

2 0 0 0 0
Cumul ative Mortality

1 11 (27% 0 (0%) 7 (179 0 (0%)

2 11 (27% 0 (0%) 3 (7% 0 (0%)
Total Mortality 22 (279 0 (0%) 10 (12% 0 (0%)
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anadromous life history. Furthernmore, Taylor and McPhail (1985)
attributed the greater swinmng stam na of juvenile coho sal non
O. kisutch col l ected from interior rivers to the greater energetic
demands of their longer freshwater migrations. Recently other

i nvestigators have denonstrated the trade-off between food supply
and swinmng cost for drift-feeding salmonids (Hughes and Dl
1990) .

Predation on PIT-tagged fish by smallnouth bass indicated
that fish allowed 96 h recovery avoided predation significantly
better than those provided 0.5 h recovery. W did not test fish
with intermedi ate recovery periods (e.g., 4 h or 24 h) in
predati on experinents, and therefore it remains to be determ ned
whet her vulnerability to predation decreased as rapidly as their
swi mm ng stam na inproved. However, the high predation rate
anmong tagged groups in 0.5 h recovery predation experinents is
consistent with the lower swinmmng stamna of 0.5 h recovery
fish. Considering the high nortality rate of tagged fish
especially in the first 24 h of delayed nortality tests, sone
fish predated in 0.5 h recovery experinments may have been
nori bund and therefore easily captured.

Predation vulnerability experinents have denonstrated that
fish can recover rapidly from perturbations and re-establish
predati on avoi dance. O her investigators have used the predation
tests as a performance challenge to test effects of therma
shock, insecticides, and stress (Hatfield and Anderson 1972
Coutant et al. 1974; Ola and Davis 1989) and several of these
i nvestigators have noted inproved predator avoidance after
recovery times as short as 30 to 90 min (Coutant 1973; Schreck
1981 in Olla and Davis 1989). In studies of juvenile sal non
subjected to nmultiple stressors significant selection by northern
squawfish Ptychocheilus oregonensis was apparent only in predation tests
that lasted 60 min or less (Mesa 1992). Therefore, our
observations of increased vulnerability to predation only when
allowed 0.5 h to recover from tagging was in agreenent with other
i nvestigators' findings.

PIT tagging caused high nortality in some of our trials.
Prentice et al. (1986) found nortality rate (4% did not increase
significantly in fish as small as 64 mm average fork length. The
high nortality rate we observed in 1991 trials, 19.7% overall,

m ght have been due to the relatively small size of the fish
tagged, administration of the anesthetic, and taggi ng technique.
During 90 d trials conducted in 1992 nortality was 7% for
treatnent fish and 6% for controls. The results suggested PIT
tagging contributed to one percent of the nortality experienced
by all fish held in the tanks. W attribute this substantia
reduction in nortality of tagged subyearling chinook salnon to
the use of buffered anesthetic and inproved tagging techniques.
QG her investigators have found that buffered anesthetic can
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result in reduced nortality when using soft water (Wdeneyer
1970; Soivio et al. 1977; Sylvester and Holland 1982). The
conbi nation of anesthetizing too many fish at one tinme and the
relatively slow rate of PIT-tagging with a syringe are nore
likely the cause of high nortality in earlier experinents.

Initially we assuned that our inexperience with tagging
relatively small fish nmay have attributed to the high post
tagging nortality. However, training tests with an inexperienced
person contradict that assunption since 4% nortality was
observed. The tagging technique is very inportant for relatively
smal | fish. Prentice et al. (1990b) indicated that once the
needl e passes through the body wall nuscul ature, the needle angle

is changed and then inserted farther until its point is posterior
to the pyloric caecae near the pelvic girdle. However, we found
that after the needl e passes through the body wall, it can be

backed out and the tag inserted into the body cavity resulting in
less internal intrusion with a sharp needl e and higher tag
retention.

The validity of mgration timng data of the Snake River
subyearling chinook salnon relies on whether or not tagged fish
behave in a manner simlar to the non-tagged fish. This question
can only be partially answered by |aboratory experinents.

Knowi ng the effects of tagging on swi m performance and predation
vulnerability is not equivalent to knowing the effects of tagging
on such specialized behavior as mgration timng. However, these
tests do indicate that sone behavior, for exanple predator

avoi dance, nmay not be affected if PIT-tagged fish are allowed an
adequat e recovery peri od. Further experinmentation will be done
to determine the mninmum tinme necessary for tagged fish to
recover so that they are no nore vulnerable to predation than
controls. These experinents should indicate the profundity of
impact that PIT tagging has on the behavior of subyearling

chi nook sal non.

Concl usi ons

1. A conparison of Uecritical swimmng speed of PIT tagged and
control fish allowed to recover for tine periods ranging from 0.5
h to 96 h indicated that any effects from tagging on sw nm ng
performance are relatively short term probably 4 h or |ess.

2. Pit tagged subyearling chinook sal nbn exposed to predation by
smal | mouth bass were consuned at a higher rate conpared to a
control group when fish were allowed a 0.5 h recovery tine, but
the nunber of tagged and control fish consumed were simlar when
allowed a 96 h recovery period before predation risk

3. Shamtagged fish and control fish were not preyed upon at
significantly different rates suggesting that the presence of the
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PIT tag contributes to the higher predation rates on treatnent
fish.

4. Predation of PIT-tagged fish was not size selective based on
the conparison of the size of PIT-tagged fish stocked into
predation tanks versus the size of fish surviving the tests.

5. Delayed nortality of PIT-tagged fish ranged from 7% to 27%
and occurred primarily in the first 24 h after tagging.
Subsequent experinments with a rearing period of 904 indicate a
1% nortality rate attributable to PIT tagging.

6. OQher factors that we believe contributed to relatively high
nortality of subyearling chinook salnon were tagging technique
and nost inportantly the application of anesthetic. Use of

buf fered anesthetic and shorter total exposure tinmes for
anesthetic may be critical factors in reducing nortality.
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Snake River Fall Chinook Sal non Juveniles
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| nt roducti on

Mninmal data are available on the rearing and em gration of
juvenile Snake River fall chinook salnon Oncorhynchus tshawytscha. In
1991, when the National Mrine Fisheries Service was petitioned
to list Snake R ver fall chinook sal non under the Endangered
Species Act of 1973 (ESA; United States Fish and WIldlife 1988),
nost information on these subyearling emgrants was either
outdated or based on conjecture. The data that are avail able
were collected during studies involving hydroelectric dans and
chi nook sal non populations in the Snake River

The construction of Brownlee Dam in 1957 inspired a nunber
of studies and unsuccessful attenpts to preserve wild fal
chi nook sal non production in the mddle Snake River (Graban
1964) . The upstream bypass of adult fall chinook sal non and
downstream trappi ng of juveniles past Brownlee Dam was
di sconti nued by 1964 (Richards, in Arnmour 1990).

Oxbow Dam | ocated down river of Brownlee Dam was conpl eted

in 1961. In 1963, Oxbow Hatchery becane fully operational and
all the fall chinook salnon adults that returned to Oxbow Dam
were spawned (Haas 1965). Fal |l chinook salnmon juveniles reared

in Oxbow Hatchery were released directly into the Snake River

bel ow Oxbow Dam One inevitable outcone of these juvenile fal
chi nook sal non releases was the mxing of remmant wld sal non
with salmon of hatchery origin. \Wen hatchery fish spawn with
wild fish in natural stream settings, we refer to the progeny as
bei ng naturally produced.

By 1967, when Hells Canyon dam was conpl eted, natural fal
chi nook sal non spawning was restricted to what remained of the
free-flowi ng Snake R ver. The first evidence of naturally
produced fall chinook salnon juveniles below Hells Canyon Dam WAs
reported in 1974 when button-up fry were stranded in |ate March
during a rapid flow decrease provided for river gaging (K Wtty,
Oregon Departnment of Fish and WIldlife, personal communication
Bayha 1974). The discontinuation of hatchery releases of fal
chinook salnmon into the Snake River above Lower Ganite Dam in
1985 (Roseberg et al. 1992), neant that continued production in
the free-flowng river relied on returning adults of natura
origin. Natural fall chinook sal non production has continued
through 1991, as evidenced by redd counts (summarized by Connor
et al. 1993 in this report) and incidental collections of button-
up chinook salnmon fry at a snolt trap near the interface of the
free-fl ow ng Snake River and Lower G anite Reservoir (E W
Buettner, |daho Departnent of Fish and Ganme, persona
conmuni cati on). Captures of presuned fall chinook sal non
juveniles have been recorded in Lower Ganite and Little Goose
reservoirs each spring since 1990 by University of I|daho
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investigators (Bennett et al. 1991). Collectively, the above
three encounters provide the basis for our contenporary
understandi ng of naturally produced Snake River fall chinook
sal non juveni |l es.

The purpose of our research is to increase the information
on naturally produced Snake River fall chinook sal non juveniles
for ESA recovery planning (United States Fish and WIldlife 1988).
our 1991 work was intended to be a pilot study, but at the
request of the fisheries agencies and tribes of |daho, Oregon,
Washi ngton and the National Marine Fisheries Service (NMFS) we
increased our effort to acconplish and report on the follow ng
objectives: (1) deternmine the feasibility of usi n? beach seines
to capture chinook salnon juveniles in the free-flow ng Snake
River: (2) develop criteria to separate the seine catch into
natural ly produced Snake River fall chinook salnon juveniles and
juvenile subyearling spring/sumrer chinook salnon: (3) describe
the early life history and emgration timng of naturally
produced Snake River fall chinook salnon; and 4) develop
techniques to estinmate the influence of juveni'l'e fish si'ze, water
flow, and water tenperature on emgration rate.

study Area

The study area included the Snake R ver from Hells Canyon
Dam to Lower Ganite Dam (Figure 1). In 1991, we gathered data
by seining and tagging juvenile chinook salnmon in a reach bounded
by Red Bird Creek at river kiloneter (RK) 250 and the upper end
of Lower Granite Reservoir (RK 211); wthin this reach we seined
10 different sites. Mean daily Snake River discharge at the
United States GCeol ogical Survey gage at Anatone, WAshi ngton (RK
270) ranged from approximately 67,300 to 14,600 cubic ft/s (CFS)
during sanpling (Figure 2). Mean daily water tenperature
collected at Billy Creek (RK 265) ranged from approximately 11.6
to 22.2°C during sanpling (Figure 2).

Met hods
Data Coll ection

Seining-Ten sites were seined 2 or 3 tinmes per week from 28
May until 17 July, 1991. Chi nook sal non were captured in3a 0. 32
cm nmesh beach seine neasuring 21.3 m x 1.2 m with a 1.7 m bag
and a wei ghted multistranded mudline. FEach end of the seine was
fitted with a 1.2 m bottom wei ghted brail and 15.2 m | ead ropes.
The seine was set parallel to shore fromthe stern platform of a
6.7 m jet boat. The net was then hauled straight into shore, by
both | ead ropes. This technique sanpled approximately 323 m of
river to a depth of 1.2 m. Wien necessary, we nodified this
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approach to accommodate the physical features of a given site.

Anesthesia- Once seined, chinook salnon were transferred to an
oxygenated live-well supplied with water at river tenperature.
Al'l chinook salnmon were anesthetized in a dilute Ms-222 solution
of 45 mg/L water in groups of 6-10 fish. Fork | engths of
anest heti zed chinook salnon juveniles were neasured to the
nearest millinmeter.

PIT tagging-The mininmum size limt for PIT tagging (Prentice et
al. 1990a) chinook salnon was 55 mm fork length. W arrived at
this size through discussion with NVMFS personnel (E Prentice,
Nati onal Marine Fisheries Service, personal communication) and by
experimentation with Colunbia R ver wupriver bright fall chinook
sal mron of hatchery origin (MCann et al. 1993 in this report).

In-season race identification.- W\ knew t hat our seine catch would contain
fall, spring, and sunmer race chinook sal non juveniles.
Therefore, we calculated an upper size limt to identify fall
chi nook salnmon juveniles "in-season" for tagging since they are
smal ler than yearling spring or summer chinook salnon. W
calculated the size Iimt based on water tenperature, fry
enmergence timng, and projected growh rate.

Water tenperature data for the size limt calculation were
collected below Hells Canyon Dam (RK 398) and Billy Creek (RK
265). These tenperature data were used to estimate fry
emergence, believed to occur 850 Celsius tenperature units (CTUs;
nodified from Piper et al. 1982) after spawning. For the size
limt calculation, emergent fry were estimated to be 38 nm fork
length (Arnsberg et al. 1992), and estimated to have a growth
rate of 0.82 mmnonthly CTU (0.5 mmd; T. Frew, |daho Departnent
of Fish and Gane, personal conmunication). Gowh rate had to be
cal cul ated separately for chinook salnmon juveniles collected
above and bel ow the Salnon River confluence because of
differences in water tenperature. W produced the upper fall
chinook salnon size |imt in Table 1 using water tenperatures
from below the Salnon River. The lower fall chinook sal non size
[imt in Table 1 was calculated using the 55 mm m ni num size for
taggi ng and water tenperatures from above the Sal mon River.
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Tabl e 1. Upper and lower size limts calculated for in-season
race identification of chinook salnon seined in the Snake R ver,
1991.

Estimated fall chinook salnon size by date

Limt

21-May 28-May 4-Jun 11-Jun 18-Jun 25-Jun 2-Jul 9-Jul 16-Jul
Upper 70 73 76 78 81 84 87 89 92
Lower 55 55 55 55 55 58 61 64 66

From 28 May to 12 June, 1991 we only PIT tagged chinook
salnmon juveniles that fell within the size limt of Table 1.
During tagging, chinook salnon juveniles were imobilized by
placing themin a notched foam pad kept wet and cool. Tags were
manual ly inplanted with a 12 gauge needle affixed to a syringe.
Tags and needles were disinfected with alcohol or iodine. After
tagging, we swabbed the insertion wound with a dilute iodine
solution then transferred the fish to an oxygenated recovery tank
for 15-30 mn prior to release. Al tagged chinook sal nobn
juveniles were released where they were captured.

After two weeks of seining and PIT taggi ng chinook sal nbn
juveniles, sharper body features and smaller eyes were noted in
sone groups of fish. W believed the above differences in
nor phol ogy were related to fish race. Consequently, we adopted
fish norphology as a secondary form of in-season chinook sal non
race identification. On 13 June, we began tagging fish with
juvenile fall chinook sal non norphology if they were at |east 55
mm | ong. Note that in 1991, we did not count, neasure, or tag
any fishes, that did not neet size limts or look like fal
chi nook sal non juvenil es.

PIT tag data-The data collected from the PIT-tagged chinook
sal non juveniles were recorded in conputer files (PIT Tag Wrk
G oup 1991). These tagging files were uploaded to the PIT Tag
Informati on System (PITAGYS). Em grating chinook sal non
juveniles that bypass Lower Granite Dam turbines via the
subnersible travelling screen are nonitored for PIT tags
(Prentice et al. 1990b). Both PIT-tagging and PlIT-tag detection
data are available to interested parties through PITAQYS).
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Electrophoresis.- A subsanpl e of the PIT-tagged chinook sal non
detected at Lower Granite Dam are diverted by a hydraulic slide
gat e. Di verted chinook sal non are scanned for tag codes and
neasured by Snolt Monitoring Program (SMP) personnel. \Wen our
tag codes were detected in chinook sal non that neasured at | east
100 mm fork length, a scale sanple was taken for aging (Jerald
1983). The fish was then | abeled and frozen. Wen our tag codes
were detected in chinook salnon that were smaller than 100 mm
fork length the fish was reared on site. After rearing to 100 nmm
fork length, the fish was handl ed as descri bed above. The
Washi ngton Department of Fisheries (WDF) validated the race of
the frozen chinook salnon using tissue extracts and horizonta
starch-gel electrophoresis (Abbersold et al. 1987).

Data Anal ysi s

Overallt aggi ng. - The first step in our analysis was a description
of beach seine catches of all the juvenile chinook salnmon we PIT
t agged.

Post-season race separation.-We used a sinple process to separate out
spring\summer chinook salnon data from fall chinook sal non data.
We based this "post-season"” race separation process on data
collected from the tagged electrophoretically validated fal
chi nook salnmon juveniles diverted at Lower Ganite Dam G owth
rates for the above fall chinook salnon juvenile were cal cul ated
by subtracting salnon size at tagging (release size) from size at
diversion and dividing by the tinme the fish was at | arge.

I ndi vidual growth rates were used to back cal culate the energence
date of each fall chinook sal nbn, assum ng an energence size of
38 mm We then cal culated post-season size limts using growh
rates of the earliest and | atest energing salnon that were

val idated as Snake River fall chinook salnon by el ectrophoresis

We applied the post-season size |imt to the lengths of all
the chinook salnon juveniles we PIT tagged. Chi nook sal non
juveniles that fit the post-season size |limt were considered to
be Snake River fall chinook sal non

Emigration rate- W& cal cul ated em gration rate separately for each
PI T-tagged fall chinook salnmon by determ ning the distance
between the release site and Lower Ganite Dam and dividing by
the time the fish was at |arge before being detected at the dam
Li near regression (SYSTAT 1990) was used to describe the relation
between fall chinook salnon release size and emgration rate

(Appendi x 6).
Mul ti ple Ceneral Linear Hypothesis testing (M3H, Systat

1990) was used to test for relations between and anong fal
chi nook salnon emgration rate and size at release, Snake River
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average discharge at Lower G anite Dam when the fish was at
large, the Snake River average water tenperature when the fish
was at |large, and Snake River water tenperature the nonent the
fish was rel eased (Appendix 7).

To explore the hypothesis of a mnimm fall chinook sal non
juvenile emgration size, we adjusted our data for each PIT-
tagged fall chinook salnon detected at Lower Ganite Damto 5 nmm
size increnments between 55 and 95 mm Data adjustnent involved
three steps that reduced the tinme at large of each fall chinook
sal non depending on the salnon's size at PIT tagging. These
steps were: 1) all fall chinook salnon that were at |east as
long as the given 5 mmincrenent at tagging were considered to be
active mgrants so no adjustnents were nade in their individua
value for time at large;, 2) for the remaining fall chinook, tine
at large was reduced by the nunber of days it would take the fish
to grow to the 5 mmincrenent; and 3) using the tinme at |arge
values from both steps 1 and 2, we calculated enigration rate,
average flow at Lower Ganite Dam during em gration (emgration
flow), and average water tenperature in the Snake River during
emgration (emgration tenperature). After steps |-3 above, we
we regressed emgration rate against emgration flow and
emgration tenperature using the data produced for each 5 mm
i ncremnent .

In the regression analysigs we assuned the data fromthe 5 nm
increment that maximzed the r?\&ﬂue woul d be representative of
the size range of fall chinook salnobn at emgration. W also
believed that the adjusted data for this 5 mm increnment woul d
nore accurately represent the correlation between emgration

rate, flow, and tenperature than unadjusted data.

Resul ts

Overview of PIT tagqgi ng Chi nook Sal nbn Juvenil es

W PIT tagged 738 chinook sal non juveniles between 28 My
and 17 July, 1991 (Figure 3). The peak of tagging occurred on 25
June. W tagged chinook salnon juveniles between RK 211 and RK
250 with nost tagging occurring at RK 242 (Figure 4). Tagged
chi nook salnmon juveniles ranged in fork length from55 nmto 120
mm (Fi gure 5).

94



150
100 - N =738

:
=
- Ill II

0 lII . IL - 1

28 MAY 11JUNE 25 JUNE 17JULY

DATE
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the Snake River, 28 May to 17 July, 1991.
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Post - season _Separation of Fall and Sprind/Sunmer Chi nook Sal non
Juvenil es

A total of 74 of the chinook salnmon juveniles we PIT tagged
were detected at Lower Ganite Dam of which 57 were diverted by
the sliding gate. Forty-nine of the diverted fish were analyzed
by el ectrophoresis (Table 2). El ectrophoresis validated 46 as
fall and 3 as spring\sunmer chinook salnmon. Al fall and
spri ng\summer chi nook sal non juveniles were age 0 fish. The 42
fall chinook salnon juveniles that were neasured grew an average
of 1.4 mmid (SD + 0.2 mid; range 0.8-1.9 mid). Spring/sumrer
chi nook salnmon growh averaged 1.0 mmid (SD + 0.1 mmid; range
0.8-1.2 mid).

The back cal cul ated enmergence dates for electrophoretically
validated fall chinook salnmon juveniles ranged from 4 April (tag
code 7F7D075374) to 4 June (tag code 7F7D15310C) with peaks on 17
and 23 May (Table 2; Figure 6). The post-season size limt based
on the energence dates and growth rates of fall chinook sal non
7F7D075374 and 7F7D15310C (Table 2) provided a fairly accurate
nmet hod to separate the data by chinook salnon race (Figure 7).
Applying the post-season size |limt to the fork lengths of the
738 juvenile chinook salnon we had PIT tagged separated out 650
fall chinook salnon (Figure 8).

PIT-ta Fal | i nook I n_Energen Rearing. and Eni gration

Back cal cul ated energence timng estimates for the 650 PIT-
tagged fall chinook salnmon range from4 April to 13 June with a
peak energence on 23 May (Figure 9).

W PIT tagged the 650 fall chinook sal nbon between 28 Miy and
17 July, 1991 (Figure 10). The nunber of fall chinook sal non
tagged per day ranged from 1l to 114 fish. The peak of fal
chi nook sal mon tagging occurred on 25 June. Fall chi nook sal non
were tagged between RK 211 and RK 250; nost tagging occurred at
RK 242 (Figure 11).

We recaptured 53 PIT-tagged fall chinook sal non once and 10
twice (Table 3). Recapture interval ranged from 1l to 26 days.
Only one sal non, which swam upriver 3 km was recaptured away
from its original site of capture.
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Data for chinook salmon juveniles PIT tagged in the Snake River, diverted at

Lower Granite Dam, and analyzed by electrophoresis, 1991

,,,,,,,,,,, e ’ AT T ALoe

Tag code Relcase Release Detection Size at Days Race Age Growth rate Back calculated

date size (mm) date detection (mm} st large {mm/d) date of emergence
TFTD075374  06/18/91 98 07709/91 115 21.1  Fall @ 9.8 " 04/9
7FD153800 06725791 108 07/09/91 120 13.5  Fall ° 0.9 04.108/91
TF7D074C21  06/25/91 106 07/20/91 131 24.4  Fall ° 1 04718791
TFTDIE47S0  06/13/91 98 07718/ 136 35.6 Fall ° 1.1 04719/91
TF7DIDS960  06/18/91 9% 06/30/91 109 12.2  Fall ° 1.2 95102/91
7F7D1D5621 06/18/91 97 07/18/9 138 30.6 Fall ° 1.3 95704 /91
TFD165111 06/25/91 102 07/11/91 124 16.4  Fall o 1.3 95107/91
TFID1S2E70  06/25/9 91 08/11/9 142 47.0  Fall ° 1.1 95-'08/91
TETDO7537C 06/18/9 99 07/08/9 129 19.7  Fall ° 1.5 95'08/9
7F7D15262E  06/25/9 104 07/25/91 147 30.0  Fall 1.4 95-'09/9
7FD152A3C 0672579 98 07/25/91 137 29.8  Fall 1.3 951079
7F7D075937 06/18/91 84 08/01/9 139 44.2  rfall ° 1.2 951179
7F7D1ESBSS 0573079 64 0771579 127 46.0 Fal 1.4 95.'11/91
7F7D1E4C28  05/30/91 58 08/06/9 140 68.3 Ffal ° 1.2 95."13/9
7FDI1E3C3E  06/04/9 68 07/18/9 133 44.9  Fal ° 1.4 95.14/9
7FTDIE4207  07/02/9 102 0772079 126 17.8  Fal o 1.3 95.'14/91
TF7D15311A 06/25/9 97 07/24/9 138 28.5 Fal 1.4 95,1479
7F70106B46  06/11/9 70 06/30/9 9 19.3  Fal 1.2 95, 15/91
TFTDIE3ASF  06/11/9 07721791 137 40.0  Fal 1.5 15.715/91
7F7D154221 06/25/9 9% 07/24/9 135 28.8  Fal 1.4 %5, 16/9
TF7D165972 06/25/9 07720791 135 25.2  Fal 1.5 95, 17/91
TF7E342416 0770179 106 0772079 134 19.0 Ffal 1.5 5. 17/9
7FDI1ES172 0671279 07/30/9 132 46.6 Fal 1.3 %, 17/9
TF7DO7502A 0672479 07/22/9 137 7.7 Ffal ° 1.5 5, 17/91
TFD165E31  06/25/9 90 07/25/9 130 29.5 Fa 1.4 ., 1979
7FDIE3CS7 0770179 96 0772479 129 23.0 Fa 1.4 %5,21/9
7F7D1E4569 /06/91 56 08710/ 134 66.2 Fa 8 1.2 5,-22/91
TF7D16402F 06/25/9 88 0771579 118 19.7 fa 1.5 %5,23/9
7F70074606 06/24/9 83 07/28/91 131 34.1 Fa 1.4 %,.23/91
TF7D074E51  06/19/9 81 07/25/9 137 35.4 Fa 1.6 %5,.23/9
7F7D1E4D71 0671179 64 07/25/9 24 42.2  Fa 1.4 %5,23/9
TFD1ELE51  06/11/9 67 07721791 131 40.4 Fa ° 1.6 5,24/9
7F7DIES101  06/13/9 0772379 133 39.9 Fa 1.6 %5,24/91
7F7D165D76  06/25/9 87 07/24/9 32 29.0 Fa 1.6 5,25/9
TFTD152B0A  06/25/9 07/23/9 120 27.9 Fa 1.4 5/26/91
7F7D154618 06/25/91 08/02/9 34 31.3 Fa ° 1.6 5,27/91
7F7D075869  06/24/91 74 07/31/9 21 36.7 Fa o 1.3 5,27/91
TF7E355201  07/02/91 103 07/10/91 118 7.8 Fa 1.9 5/29/91
7FD105821  06/18/91 70 07725/ 127 3.5 Fa ° 1.6 512979
TFDO7513C 06/24/91 82 07/13/91 13 B.5 Fa o 1.7 5/29/91
TFD152A19  06/25/91 75 07/27/91 123 31.9  Fal 1.5 5131/91
7FM15310C  06/25/91 72 08/03/91 123 31.1  Fall ° 1.6 04 /91
7F7DIE3B3S  06/04/91 55 09/05/91 --- 84.4  Fall ° .-~ .-
7FDIE3D71  06/13/91 9% 06/28/91 --- 16.6 rfatl ° -- me-
7FD165976 06/25/91 72 07/25/91 .- 30.0 Fall -- ---
TF7DO74EGF 06724791 94 06/29/91 --- 45  Fall ° e .--
TF7D164654  06/25/91 107 07/10/91 121 148  Spring\sumer © 0. ---
7F7TE1D3808 07701791 119 07/06/91 123 48 spring\sumer o . ---
TFTDO7474F 06724791 100 07709791 117 14.7  spring\sumer o 1. ---
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Tag code 7FTD075374
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Figure 6. Back calculated emergence dates of PIT-ta

elgctro horesis to be Snake Rivger fal chinook, after | eelggsglir\?grrtleah gtwn oy
Lower Granite Dam, 1991. Data from the tag codes in thrs figure are used to
calculate the “post-season” size limit in Figure 7.
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Figure 7. Testing the applicability of the “post-season” size limit using
chinook salmon juvenilees which were seined and PIT tagged in the Snake River

diverted at Lower Granite Dam and subjected to eletrophoresis, 1991. The tad
codes are from the earliest and latest emerging fal chinook salmon in Table 2.
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Figure 8. Separating Snake River fall chinook salmon juveniles from juveniles of

of mixed race using the “post-season” size limit. Of 738 lengths, 650 are
are within the size range of fall chinook salmon.
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Figure 9. Snake River fdl chinook salmon emergence timing in 1991 back
calculated usmg the release size of each fish, individual growth rates or the
average growth rate of 1.4 mm/d, and a fry emergence size of 38 mm.
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Figure 10. Number of fall chinook salmon juveniles PIT tagged by date in the
Snake River between river kilometer 211 and 250,1991.
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Figure 11. Number of Snake River fall chinook salmon juveniles PIT tagged by
river kilometer, 1991.
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Tabl e 3.

Beach seine recoveries of PIT-tagged naturally produced fall chinook sal non

juveniles recaptured in the Snake River, 1991.

Recapture Rel ease Recapture Date Dat e Time interval Kil oneters
event site site rel eased recaptured bet ween capture events travelled
Fi r st 217 217 05/29/91  05/30/91 1 0

229 229 05/30/91 06/04/91 5 0
229 229 05/30/91 06/12/91 13 0
229 229 05/30/91 06/04/91 5 0
229 229 05/30/91 06/04/91 5 0
229 229 05/30/91 06/04/91 5 0
229 229 05/30/91 06/04/91 5 0
235 235 06/04/91 06/11/91 7 0
235 235 06/04/91 06/11/91 7 0
235 235 06/04/91 06/12/91 8 0
235 235 06/04/91 06/12/91 8 0
235 235 06/04/91 06/12/91 8 0
229 229 06/06/91 06/13/91 7 0
242 242 06/06/91 06/25/91 19 0
242 242 06/06/91 06/24/91 18 0
229 232 06/06/91 06/11/91 5 3
229 229 06/11/91 06/13/91 2 0
242 242 06/11/91 07/02/91 21 0
226 226 06/12/91 06/13/91 1 0
226 226 06/12/91 06/13/91 1 0
242 242 06/18/91 06/24/91 6 0
242 242 06/18/91 06/24/91 6 0
242 242 06/18/91 06/24/91 6 0
242 242 06/18/91 06/24/91 6 0
242 242 06/18/91 06/24/91 6 0
242 242 06/18/91 06/24/91 6 0
232 232 06/18/91 06/24/91 6 0
242 242 06/18/91 06/24/91 6 0
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TABLE 3. (CONTI NUED)

Recapt ure Rel ease Recapture Date Dat e Time interval Kil oneters
event site site rel eased recaptured bet ween capture events travel |l ed
Fi r st 242 242 06/18/91 06/25/91 7 0

242 242 06/18/91 06/25/91 7 0
242 242 06/18/91 07/02/91 14 0
242 242 06/18/91 06/25/91 7 0
242 242 06/18/91 06/24/91 6 0
242 242 06/18/91 07/02/91 14 0
242 242 06/18/91  07/02/91 14 0
242 242 06/24/91 07/02/91 8 0
242 242 06/24/91 06/25/91 1 0
242 242 06/24/91 06/25/91 1 0
242 242 06/24/91 06/25/91 1 0
242 242 06/24/91 06/25/91 1 0
242 242 06/24/91 07/03/91 9 0
242 242 06/24/91 06/25/91 1 0
242 242 06/24/91 06/25/91 1 0
242 242 06/24/91 06/25/91 1 0
242 242 06/24/91 06/25/91 1 0
242 242 06/24/91 06/25/91 1 0
242 242 06/25/91 07/02/91 7 0
242 242 06/25/91 07/03/91 8 0
242 242 06/25/91 07/02/91 7 0
242 242 06/25/91 07/02/91 7 0
242 242 06/25/91 07/02/91 7 0
242 242 06/25/91 07/02/91 7 0
242 242 06/25/91 07/02/91 7 0
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TABLE 3. ( CONTI NUED)

Recapt ure Rel ease Recapture Date Dat e Ti me interval Kil ometers
event site site rel eased recaptured bet ween capture events travelled
Second 235 235 06/04/91 06/12/91 8 0

242 242 06/18/91 06/25/91 7 0
242 242 06/18/91 06/25/91 7 0
242 242 06/18/91 06/25/91 7 0
242 242 06/18/91 06/25/91 7 0
242 242 06/06/91  07/02/91 26 0
242 242 06/18/91 07/02/91 14 0
242 242 06/18/91 07/03/91 15 0
242 242 06/25/91 07/03/91 8 0
242 242 06/24/91 07/03/91 9 0
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It took PIT-tagged fall chinook salnon from 7 to 85 days to
reach Lower Granite Dam (Figure 12). Sixty-four PIT-tagged fall
chinook salmn were detected at Lower Ganite Dam between 11 June
and 5 Septenber, 1991 (Figure 13). Detection of tagged fall
chinook salnon at Lower Granite peaked on 25 July. The detection
pattern of tagged fall chinook salnon and the subyearling chinook
sal non passage index at Lower Granite as estinated by the SMP
(Fish Passage Center 1992) was quite simlar (Figure 13).

NUMBER
T

A 11| —

1 7 13 19 25 31 37 43 49 55 61 67 73 79 85
DAYS AT LARGE

Figure 12. Number of daysPI T-ta?ged Snake River fall chinook salmon juveniles
were at large in 1991 before detection at Lower Granite Dam.
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Figure 13. PIT-tag detection numbers for Snake River fall chinook salmon
juveniles compared to Smolt Monitoring Program (SMP) subyearling chinook salmon
sal mon passage indicesfort he 1991nigration year.
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The | ength-frequency distributions for PIT-tagged fall
chinook salnmon were different for each capture event (Figure 14).
Sal non captured by seine then tagged, ranged in size from 55 mm
to 108 mm fork length and averaged 75 + 15 mm Tagged fall
chi nook sal non recaptured by seine, ranged in size from58 mmto
110 mm and averaged 83 + 11 mm  Tagged fall chinook sal non
diverted and neasured at Lower Ganite Dam ranged from 93 nmto
147 mm and averaged 127 + 11 mm

20
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ptured tiby sel ne
mean Size = 7
10
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0

Recaptured by seine
mean salge 833:{: mm

PERCENTAGES OF SAMPLES
ORNWAWULUAI®WO
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12 Diverted at Lower_Granite Dam
10 mean size = 127 + 11 mm
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0 | | i | N

|
5 65 75 8 95 105 115 125 135 145 155

SIZE (mm)
Figure 14. Length frequency distriiutions for Snake River fall chinook salmon
juveniles PIT tagged in 1991, some of which were recaptured by seine, and\or
detected later at Lower Granite Dam.
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A Hyvpot hetical Approach for Relating Fall Chinook Salnon Size,
Fl ow. and Water Tenverature to Enmigration Rate

PI T-tagged fall chinook salnon emigrated to Lower Ganite
Dam at an average of 2.3 kmd (SD + 1.0 kmd; range 0.6-5.1 kni d;
Figure 15). Fifty-three percent of the variation in 1991
emgration rate was explained by release size of fall chinook
salmon (Figure 16). The resulting relation for emigration rate
and release size in 1991 was:

Emgration rate = -15.943 + 4.128 1nRELS2Z
Wher e: RELSZ = salnon size at rel ease.

This suggests that small fall chinook sal mon mgrated
downriver slower than those tagged at |arger sizes. However
this relationship was not as clear as it seens because sone
smal l er PIT-tagged fall chinook salnon were recaptured at the
original tagging site three weeks later (Table 3; Figure 14). W
hypot hesi zed fall chinook salnmobn grow to a certain size range and
change behavior patterns and actively mgrate.
The r? values from the series of |inear regressions by 5 mm
size increnents produced a pair of bell shaped curves with a
maxi mum r val ue occurring at 85 mm (Figure 17). From Figure 17
we concluded 85 mm was representative of the mninmum em gration
size for fall chinook salmn in 1991

W selected the data set adjusted for the 85 nm m ni mum
emgration size to relate fall chinook salnmon emigration rate to
the environnental and biological variables of, 1) release
tenperature, 2) adjusted emigration tenperature (emgration
tenperature), 3) adjusted emgration flow (emgration flow), and
4) release size. W used the 85 nm data set for a forward
stepwise nultilinear regression (M3LH) that started with a test
for relations anong the four independent variables. As shown in
Table 4, emgration tenperature and emigration flow are highly
related, 0.915 regression coefficient, as are release tenperature
and rel ease size, -0.816 regression coefficient. The MAH node
run elimnated em gration tenperature and size at release from
the anal ysis because of the above relations, and because they
contributed very little to increasi'ng the R val ue. This seens
logical in that flow can have a significant effect on water
t enper at ur e. Li kewi se, size at release and water tenperature are
closely related because both increased with tinme. It is
reasonable that the model removed release size from the analysis
because we already standardized this variable by adjusting the
data for the 85 mm migration size.
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Figure 15. Emigration rate frequency distribution for Snake fall chinook salmon

juveniles PIT tag%ed in 1991. Iterations were made with linear regression to
to cull outliers before these data were graphed.
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Figure 16. Re%fession relation between emilgfation rate and release size for

Snake River fall chinook salmon juveniles P tagged in 1991. This figure is
the last of the iterations refered to in Figure 15.
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Figure 17. Linear regression r2values by 5 mm fall chinook salmon size
increments. Data are from fall chinook salmon juveniles PIT tagged in the
Snake River and detected at Lower Granite Dam, 1991.
Tabl e 4. Correlation matrix of regression coefficients
cal cul ated using adjusted data from 85 mm | ong Snake River fall
chi nook sal non juveniles, 1991. Note that these regression
coefficients are not values from linear regression or
correlation coefficient r values cal cul ated between independent
vari abl es.
Constant Release Emigration  Emigration Retease
size flow temperature temperature
const ant 1.000
Release size -0.1% 1.000
Emigration flow -0.939 -0.065 1.000
Emigration temperature -0.984 0.198 0.915 1.000
Release temperature 0.216 -0.816 -0.054 -0.303 1.000
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Anal ysis by MGIH of em gration flow and rel ease water
tenperature indicates that after fall chinook salnon size is
adjusted to a minimum of 85 nm 57% of the variability in
emgration rate is explained by flow during emgration and the
water tenperature when the fish was originally released (Table

5) .

The relation of emgration rate to emgration flow and
rel ease tenperature for 1991 was:

RATE = -18.322 + 2.502 1nFLOW + 4.304 1nRELTEMP

Wiere: RATE = Adjusted emigration rate (knid);
FLON = Adjusted emgration fl ow,_ (KCFS); and
RELTEMP = Rel ease tenperature (°C).

Furthernore, data in Table 5 show that the response in
emgration rate was slightly higher when flow increases
(standardi zed coefficient 0.607), than when tenperature increases
(standardi zed coefficient 0.559). Thi s relation predicts that 85
mm fall chinook salmon released in 17 °C water at a flow of 70
KCFS woul d emgrate almost five times faster than 85 mm fish
released in 11 °c water at a flow of 30 KCFS (Figure 18).

Tabl e 5. SYSTAT multiple regression output (forward stepw se)
for relation anong adjusted emgration rate (M GRRATE), adjusted
flow (LNFLOWN, and rel ease tenperature (LNRELT). Data were
collected by PIT tagging Snake River fall chinook sal non
juveniles, 1991.

DEP VAR:MIGRRATE N: 59 MULTIPLE R: 0.755 SWARED MULTIPLE R: 0.570
ADJUSTED SQUARED MULTIPLE R: .554 STANDARD ERROR OF ESTIMATE: 0.622
VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)
CONSTANT -18.322 2.443 0.000 . -7.499 0.000
LNFLOW 2.502 0.366 0.607 0.9736.834 0.000
LNRELT 4.304 0.684 0.559 0.973 6.296 0.000

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES D F MEAN-SQUARE F-RATIO P
REGRESSION 28.686 5% 14.343 37.087 0.000
RESIDUAL 21.658 0.387
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RATE= -18.322 + 2.502*InFLOW + 4.304*In TEMPERATURE

R%=0.57

30 40 50 60 70
FLOW (KCFS)
[ 1104 —125C — 14C —155C o 17C

Figure 18. Family of predicted emigration rate, flow, and release water
temperature curves for fal chinook salmon juveniles PIT tagged in the Snake
Snake River and detected at Lower Granite Dam, 1991.
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Di scussi on

The use of beach seines to sanple fall chinook sal non proved
effective under the difficult conditions present in the Snake
Ri ver. Not ably, few of the chinook salnmon we PIT tagged were
subyearling spring/sunmer chinook sal non. However, chi nook
sal mron tagged at the IDFG snolt trap at Lewiston and collected by
SMP personnel at Lower Granite Dam were al nbst an equal m xture
of spring/sunmer and fall race salnmon (L. Bl ankenship, Washington
Departnment of Fisheries, personal communication). One reason why
we tagged nostly fall chinook salnmon mayrelate to juvenile
chi nook sal mon habitat selection. Spring/sumrer chinook salnon
typically do not outmigrate as subyearlings so individuals
encountered in the Snake River may have been displaced from their
natal tributaries by spring freshets. W captured and tagged a
hi gh percentage of natural fall chinook sal nbn because this race
di sperses downstream and resides in the low velocity nearshore
rearing areas we seined. Qur sanpling success in 1991 justifies
the use of seines in future field seasons.

The results of electrophoresis helped in two very inportant
ways in 1991. First, if we extrapolate the results from the 49
Pl T-t agged chi nook sal non diverted at Lower Ganite Dam we can
say that 94% of the fish we tagged were fall chinook sal non. The
size limts coupled with our ability to subjectively judge
chi nook salnon race proved effective. This approach, however,
was not perfect, since 6% of our tagged chi nook sal mon were of
the spring/ sumer race. G ven that these spring/ sumer chinook
sal mon were age 0 fish that overlapped in size with fall chinook
salmon, it is highly unlikely that we can ever expect a flaw ess
in-season nethod to judge the race of subyearling fish. The
second way el ectrophoresis facilitated our work was by giving us
a nmeans to develop a post-season size limt to separate our seine
catch by juvenile chinook sal non race.

Appl ying the post-season size limt to the fork |engths of
the 738 chinook salnmon we PIT tagged, separated 650 of the fish
as fall chinook salnon. This conservative post-season chinook
sal mron race separation nethod inproved our confidence when
describing fall chinook salnon energence, rearing, and emgration
in 1991. During fall chinook salnon preservation efforts in 1957
| DFG operated Kray-Meekin traps to docunment the timng of
downstream nmigrants as they passed the unconpleted Hells Canyon
i mpoundnment (Bell 1957). Data fromthis study showed capture of

51 to 85 mm chi nook sal non parr peaked in May. In 1991, PIT-
tagged fall chinook salnon had a very similar |length frequency
di stribution. In the first few years after 1957, |DFG traps

were operated almost continuously to nonitor the efficiency of
Brownlee Dam fish barriers intended to intercept and bypass

m grating salnon entering the reservoir (Bell 1959, 1960, 1961
Graban 1964). This nonitoring docunented a bi-nmpbdal emigration
pattern consisting of juvenile fall chinook sal non dispersa
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after energence in April and May and snmolt emigration from June
t hr ough Sept enber. In 1991, PIT-tagged fall chinook sal non
rearing in nearshore areas appears to have begun in My and
extended through md-July much as salnon rearing did in the late
1950’s and early 1960’s. The fact some fall chinook sal non
showed high fidelity to nearshore rearing in 1991 was unexpected
and would not have been detectable without the PIT-tag.

Once the fall chinook salnon we PIT tagged in 1991 becane
m grants nost of them behaved simlarly to their untagged
counterparts as evidenced by the simlarity between SV
subyearling chinook sal non passage indices (Fish Passage Center
1992) and our PIT-tagged fall chinook salnon detections at Lower
G anite Dam Fall chinook salmon arrival at Lower Ganite Dam
was a summer event in 1991 as in nost years. However ,
subyearling chinook salnon nunbers at dans during the 1980's
indicated emgration fromthe free-flowi ng Snake River and
t hrough Lower Ganite Reservoir usually occurs in late June
rather than July as in 1991 (Fish Transport Oversight Team data
sunmari zed by Chaprman et al. 1991, Connor et al. 1992).

Fall chinook salnon that we PIT tagged arrived at Lower

G anite Dam at sizes larger (nean length = 127 mm) than observed
in fall chinook salnon emgrating from the md-Colunbia River by
our colleagues (Nelson et al. 1993 in this report). In the mid-
Col unbi a River conponent of the study, mgrant chinook sal non at
McNary Dam ranged in mean length from 99 mmto 108 mm The size
di f ference between Snake River and m d-Colunbia R ver chinook
sal non captured at dans and the offshore novenent we observed at
85 mm |l ength suggests that Snake R ver and m d-Col unbia R ver
fall chinook salnon are probably going through behavioral changes
at the sanme size, but it may take Snake River salnon longer to
reach the first dam

Prior to our study, there were no data on the emgration
rate of fall chinook salnmon fromthe free-fl owing Snake River to
Lower Ganite Dam Wth one year of data we |earned that
emgration may be affected by a nunber of factors including fall
chi nook salnon size, river flow, and water tenperature. The
recapture of PIT-tagged fall chinook salnmon in 1991 reveal ed why
flow had little influence on fall chinook salnbn emgration rate
until size was considered in the analysis. The 1991 em gration
rate and water tenperature relation analysis elimnated water
tenperature during emigration as a variable, yet higher water
tenperatures at release were related S|gn|f|cantly to higher
emgration rates. In the Colunbia River portion of our study,
Nel son et al. (1993 in this report) also found no correlation
with emgration tenperature and subyearling chinook sal non
SW i ng response. Continued field work coupled w th ongoing
| aboratory study will refine our understanding of the fish size,
emgration rate, river flow, and water tenperature relation.
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In summary, we seined and PIT tagged 738 chinook sal non
juveniles in 1991; 650 of which we analyzed as fall chinook
salnon (88% on the basis of post season race separation.

Cenetic anal ysis suggested that 94% of the chinook salnon we PIT
tagged and recaptured at Lower Ganite Dam were fall chinook
salnon. W tagged nost of the fall chinook salnmon in the Snake
River on 25 June at RK 242. About 8 percent (N=53) of all tagged
fall chinook salnon were recaptured by seine and all were in good
condi tion. Mean emigration rate from release sites in Hells
Canyon to Lower Granite Dam was 2.3 knid with peak passage in
late July. Using an approach of the Fish Passage Center (1992)
we estimated that emgration rate was significantly influenced by
sal non size, flow, and water tenperature at release. It is
inmportant to realize that the |ow population |evel of Snake River
fall chinook salnon dictated that our sanple sizes for analyses
were smal | . These prelimnary analyses and interpretations WII
be refined with the collection of additional data in the future.
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APPENDIX 1. United States Geological Survey Snake River daily average discharge data from Anatone Gage, Washington, 1967-1992.

Date 1967-88 1991-92 Date 1967-88 1991-92 Date  1967-88 1991-92 Date  1967-88 1991-92 Date  1967-88 1991-92

25-Aug 19443 11000 22-Oct 24671 14000 19-Dec 28367 17200 15-Feb 34510 16600 14-Apr 53952 25500
26-Aug 19268 11300 23-Oct 25152 14200 20-Dec 28148 19500 16-Feb 35910 16700 15-Apr 553% 25500
27-Aug 18699 11700 24-Oct 24548 14300 21-Dec 28210 18200 17-Feb 38014 16700 16-Apr 55486 25200
28-Aug 18662 12000 25-Oct 24381 164200 22-Dec 27633 16500 18-Feb 38652 17600 17-Apr 55800 25400
29-Aug 18454 12100 26-Oct 24362 14100 23-Dec 28824 16600 19-Feb 39295 18700 18-Agr 54933 28000
30-Aug 174% 12600 27-Oct 24343 14200  24-Dec 28448 15900 20-Feb 39505 20100 19-Apr 545% 29100
31-Aug 17238 13500 28-Oct 24667 14200  25-Dec 26790 15200 21-Feb 40748 26100 20-Apr 54000 27800
01-Sep 18138 13000 29-Oct 24557 14400  26-Dec 27281 15200 22-Feb 41014 26700 21 -Apr 54071 26700

02-Sep 18619 12800 30-Oct 23748 14200 27-Dec 28257 15400 23-Feb 44233 26600  22-Apr 54752 27700
03-Sep 18210 12700 31-Oct 23952 14000 28-Dec 28557 16600 24-Feb 44257 25300  23-Apr 56000 28900
04-Sep 17985 12800  01-Nov 23205 13900 29-Dec 29271 15800 25-Feb 43452 25500  24-Apr 576% 25600
05-Sep 18320 13800  02-Nov 24138 13900 30-Dec 28648 15000 26-Feb 42386 25200  25-Apr 59224 24300
06-Sep 18108 13500  03-Nov 24705 14100 31-Dec 29114 15500 27-Feb 41952 25900  26-Apr 59057 24000
07-Sep 18710 17400  04-Nov 24271 13900 01-Jan 28971 15200 28-Feb 41729 24800  27-Apr 58800 25800
08-Sep 18990 17300  05-Nov 24714 14000 02-Jan 29024 15900 01-Mar 42029 25500  28-Apr 60790 31800
09-Sep 19317 19600  06-Nov 25229 15200 03-Jan 29976 19900 02-Mar 41000 23900  29-Apr 61271 29100
10-sep 19754 22200  07-Nov 25090 16100 04-Jan 294% 17100 03-Mar 41095 26100 30-Apr 61043 32300
11-sep 20226 22400  08-Nov 25067 16100  0S-Jan 29124 15900 O04-Mar 41090 24100  01-May 60838 40900
12-Sep 20217 22700  09-Nov 25876 15900 06-Jan 30090 15300 05-Mar 40414 24500  02-May 61971 47200
13-Sep 20130 23100  10-Nov 26224 16000  07-Jan 31500 18000  06-Mar 41386 25600 03-May 62676 45000
14-Sep 20481 23300  11-Nov 26671 16100 08-Jan 31129 22200  O7-Mar 41852 23600 04-May 64271 44200
15-Sep 20548 23200 12-Nov 27010 16000 W-Jan 30400 21800  08-Mar 42367 23400 05-May 65714 44600
16-Sep 20593 23200 13-Nov  27.395 16300 10-Jan 30238 19800  09-Mar 43148 23700 06-May 66767 42500
17-Sep 21593 23100  14-Nov 26690 16700 11-Jan  304% 18800  10-Mar 43943 23500 07-May 67610 37100
18-Sep 21713 23100  15-Nov 26110 16600 12-Jan 30210 16500  11-Mar 44376 24400 08-May 68048 39700
19-Sep 21899 23200  16-Nov 26167 16100 13-Jan  293% 15900  12-Mar 45276 22600 09-May 68671 40900
PO-sep 21179 16200  17-Nov 264% 15600 14-Jan 29143 17900  13-Mar 45300 22900  10-May 69510 40000
21-Sep 21043 18300  18-Nov 26371 15300 15-Jan 29681 19600  14-Mar 45771 22000  11-May 69962 36400
22-Sep 21581 16600  19-Nov 26976 15300 16-Jan 31381 18100  15-Mar 46676 20100  12-May 69467 33300
23-Sep 21948 16600  20-Nov 26829 15600 17-Jan 33471 17300  16-Mar 46210 22200
24-Sep 21767 17600  21-Nov 26338 15800 18-Jan 33038 17300 17-Mar 47076 25300
25-Sep 21648 16800 22-Nov 25710 15600 19-Jan 34105 16400 18-Mar 47314 23800
26-Sep 21767 15600 23-Nov 25567 15300 20-Jan 35000 17600  19-Mar 47281 24800
27-Sep 21714 16800  24-Nov 25257 15000 21-Jan 35414 19600  20-Mar 46405 20200
28-Sep 21329 15900  25-Nov 25852 14900 22-dan 35329 18100  2t-Mar 45633 19600
29-Sep 21267 15000 26-Nov 26095 15900 23-dan 34762 16300 22-Mar 45400 19200
30-Sep 21629 14400  27-Nov 25948 16700 24-Jen 34619 16700  23-Mar 44852 20400
01-0Oct 21329 15600 28-Nov 25886 17000 25-Jan 35690 16600  24-Mar 45681 22100
02-0ct 20924 14500  29-Nov 25300 16900 26-dan 36219 15100  25-Mar 46338 18600
03-oct 21110 15100  JO-Nov 25710 16400 27-Jan 36200 15800 26-Mar 46043 18400
04-Oct 21552 15000 01-Dec 26833 15900 28-Jan 36152 19800 27-Mar 46843 18500
05-0ct 21614 16100 02-Dec 27662 15500 29-Jan 35671 19900  28-Mar 47471 18600
06-0ct 21481 15400  03-Dec 28229 15200 30-Jan 34876 17000  29-Mar 47581 18700
07-0ct 22305 15500 Q4-Dec 28076 15500 31-Jan 34376 19200  30-Mar 48052 18700
08-0ct 22900 15900 05-Dec 28571 15700 01-Feb 34219 19100 31-Mar 48657 18700
09-0ct 22414 16400 06-Dec 28105 15900 02-Feb 33629 19100  01-Anr 49476 10800
10-0ct 22024 15900 07-Dec 27795 18000 03-Feb 32790 19100 02-Apr 50057 19300
11-0ct 22005 14700 08-Dec 28600 19500 04-Feb 32505 19100 03-Apr 50543 20100



APPENDIX 1.  (Continued).

Date 1967-88 1991-92 Date 1967-88 1991-92 Date  1967-88 1991-92 Date  1967-88 1991-92 Date  1967-88 1991-92
12-0ct 22548 14500 09-Dec 28762 19000 05-Feb 31748 19100 04-Apr 49433 21200
13-0ct 22981 14300 10-Dec 28300 18100 06-Feb 31286 19100 05-Apr 49195 22000
14-Oct 23010 14600 11-Dec 28548 17600 07-Feb 30924 19100 06-Apr 49657 21800
15-0Oct 23495 16400 12-Dec 27957 17000 08-Feb 30743 19100  07-Apr 50500 21100
16-0Oct 23471 15100 13-Dec 28195 16600 09-Feb 31286 19100 08-Apr 50714 20300
17-0ct 23610 14200 14-Dec 28419 16700  10-Feb 31357 18300 09-Apr 51648 19800
18-0Oct 23390 14800 15-Dec 28505 16100 11-Feb 31771 17600  10-Apr 53186 20600
19-0ct 23571 14400 16-Dec 28562 17300 12-Feb 32090 17400 11-Apr 54110 22400
20-0ct 23400 14200 17-Dec 28433 18300 13-Feb 32090 18600 12-Apr 53352 23200
21-0ct 24000 14200 18-Dec 28890 16500 14-Feb 33519 16800  13-Apr 53824 24000



APPENDIX 2. United States Geological Survey daily average discharge data from Hells
Canyon Dam, Imnaha River, Salmon River, and Grande Ronde River, 1991-1992.

Month Year  Complex Imnaha Salmon G. Ronde Anatone Gage
25-Aug 1991 7220 139 3640 541 11000
26-Aug 1991 7550 138 3580 527 11300
27-Aug 1991 8160 137 3530 539 11700
28-Aug 1991 7900 137 3520 561 12000
29-Aug 1991 8220 135 3650 581 12100
30-Aug 1991 9330 130 3630 576 12600
31-Aug 1991 8760 127 3550 567 13500
01-Sep 1991 8950 126 3460 559 13000
02-Sep 1991 8760 126 3400 564 12800
03-Sep 1991 8910 126 3360 573 12700
04-Sep 1991 9810 126 3320 577 12800
05-Sep 1991 9890 124 3290 572 13800
06-Sep 1991 11800 123 3260 566 13500
07-Sep 1991 14000 123 3230 539 17400
08-Sep 1991 14100 124 3190 521 17300
09-Sep 1991 18800 126 3210 530 19600
10-Sep 1991 19200 133 3270 530 22200
11-Sep 1991 19300 136 3330 532 22400
12-Sep 1991 19300 127 3700 524 22700
13-Sep 1991 19300 123 4040 525 23100
14-Sep 1991 19300 122 3970 529 23300
15-Sep 1991 19400 121 3870 525 23200
16-Sep 1991 19400 117 3800 525 23200
17-Sep 1991 19300 115 3760 511 23100
18-Sep 1991 19500 114 3740 491 23100
19-Sep 1991 16200 115 3630 478 23200
20-Sep 1991 14200 113 3610 469 16200
21-Sep 1991 13600 112 3560 462 18300
22-Sep 1991 10900 114 3460 442 16600
23-Sep 1991 15200 115 3330 453 16600
24-Sep 1991 13000 114 3370 453 17600
25-Sep 1991 12800 116 3420 456 16800
26-Sep 1991 12700 115 3400 464 15600
27-Sep 1991 12800 114 3340 479 16800
28-Sep 1991 11400 113 3300 481 15900
29-Sep 1991 10100 114 3290 489 15000
30-Sep 1991 12400 112 3380 490 14400
01-Oct 1991 13350 110 3550 490 15600
02-0ct 1991 14300 109 3510 488 14500
03-0ct 1991 9950 110 3440 485 15100
04-0ct 1991 12500 110 3400 493 15000
05-0ct 1991 11800 110 3380 513 16100
06-0ct 1991 11600 109 3390 524 15400
07-0ct 1991 12200 109 3620 557 15500
08-0ct 1991 11600 109 3440 544 15900
09-0Oct 1991 13000 109 3440 543 16400
10-0Oct 1991 10600 108 3420 532 15900
11-Oct 1991 10400 107 3420 521 14700
12-0ct 1991 10400 106 3400 518 14500
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APPENDIX 2. (CONTINUED)

Month Year  Complex Imnaha Salmon G. Ronde Anatone Gage
13-0ct 1991 10200 106 3390 505 14300
14-Oct 1991 11600 106 3390 495 14600
15-0ct 1991 12400 106 3380 506 16400
16-0ct 1991 10200 108 3390 520 15100
17-0Oct 1991 10200 113 3390 527 14200
18-0ct 1991 11000 114 3370 529 14800
19-0ct 1991 10200 114 3390 542 14400
20-0Oct 1991 10100 116 3380 549 14200
21-0ct 1991 10100 114 3450 555 14200
22-0ct 1991 9930 115 3540 558 14000
23-0ct 1991 9970 123 3650 562 14200
24-0Oct 1991 9880 124 3710 586 14300
25-0ct 1991 9610 127 3780 629 14200
26-0ct 1991 9500 142 3890 654 14100
27-0ct 1991 9460 143 4010 634 14200
28-0ct 1991 9470 128 4180 623 14200
29-0ct 1991 9480 126 4090 622 14400
30-0ct 1991 9480 118 3570 618 14200
31-0ct 1991 9450 117 3730 608 14000
01-Nov 1991 9420 138 3730 652 13900
02-Nov 1991 9450 122 3940 662 13900
03-Nov 1991 9420 106 3810 633 14100
04-Nov 1991 9420 134 3560 644 13900
05-Nov 1991 9610 143 3890 872 14000
06-Nov 1991 9690 171 4790 1310 15200
07-Nov 1991 9700 153 5220 1130 16100
08-Nov 1991 9720 142 4990 1090 16100
09-Nov 1991 9740 160 4950 1050 15900
10-Nov 1991 9690 151 5290 1020 16000
11-Nov 1991 9690 140 5270 912 16100
12-Nov 1991 9730 150 5020 962 16000
13-Nov 1991 9750 209 5290 1390 16300
14-Nov 1991 9710 175 5620 1240 16700
15-Nov 1991 9710 153 5620 1100 16600
16-Nov 1991 9700 133 4950 1010 16100
17-Nov 1991 9710 152 4410 1060 15600
18-Nov 1991 9720 153 4360 1070 15300
19-Nov 1991 9670 142 4580 1050 15300
20-Nov 1991 9690 147 4510 1250 15600
21-Nov 1991 9680 146 4460 1400 15800
22-Nov 1991 9700 133 4430 1230 15600
23-Nov 1991 9710 97 4250 1090 15300
24-Nov 1991 9720 139 3910 1020 15000
25-Nov 1991 9690 153 3750 1290 14900
26-Nov 1991 9680 150 4250 2290 15900
27-Nov 1991 9710 150 4530 2300 16700
28-Nov 1991 9740 146 4620 2340 17000
29-Nov 1991 9730 141 4530 2200 16900
30-Nov 1991 9720 108 4310 1890 16400
01-Dec 1991 9710 119 4040 1640 15900
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APPENDIX 2. (CONTINUED)

Month Year  Complex Imnaha Salmon G. Ronde Anatone Gage
02-Dec 1991 9740 143 3650 1570 15500
03-Dec 1991 9700 145 3750 1620 15200
04-Dec 1991 9670 147 4030 1610 15500
05-Dec 1991 9660 140 4160 1580 15700
06-Dec 1991 9690 148 4070 2100 15900
07-Dec 1991 9720 163 4550 3990 18000
08-Dec 1991 9710 148 5210 3940 19500
09-Dec 1991 9710 148 5010 3210 19000
10-Dec 1991 9690 146 4650 18100
11-Dec 1991 10100 128 4410 17600
12-Dec 1991 9720 144 4150 17000
13-Dec 1991 9750 139 3990 16600
14-Dec 1991 10200 107 4210 16700
15-Dec 1991 9690 88 3860 16100
16-Dec 1991 14500 112 3230 17300
17-Dec 1991 11200 126 2630 18300
18-Dec 1991 12700 165 2820 16500
19-Dec 1991 13300 149 3160 17200
20-Dec 1991 15200 102 3170 19500
21-Dec 1991 11900 103 3600 18200
22-Dec 1991 10200 160 3590 16500
23-Dec 1991 12200 140 3950 16600
24-Dec 1991 10300 132 3590 15900
25-Dec 1991 9970 135 3730 15200
26-Dec 1991 9990 139 3610 15200
27-Dec 1991 11300 137 3760 15400
28-Dec 1991 12000 132 3160 16600
29-Dec 1991 9960 137 3290 15800
30-Dec 1991 10800 138 3350 15000
31-Dec 1991 10400 135 3480 15500
01-Jdan 1992 10000 123 3600 15200
02-Jan 1992 14000 127 3630 15900
03-Jan 1992 14000 124 3510 19900
04-Jan 1992 11900 127 3330 17100
05-Jan 1992 10700 139 3290 15900
06-Jan 1992 11600 146 3430 15300
07-Jan 1992 16400 134 3680 18000
08-Jan 1992 17000 96 3800 22200
09-Jan 1992 15300 84 3730 21800
10-Jan 1992 16300 131 3620 19800
11-Jan 1992 12600 142 3350 18800
12-Jan 1992 14000 138 3300 16500
13-Jan 1992 14900 130 3380 15900
14-Jan 1992 15500 133 3500 17900
15-Jdan 1992 14700 131 3490 19600
16-Jan 1992 11800 132 3580 872 18100
17-Jan 1992 13600 126 3550 868 17300
18-Jan 1992 11800 98 3470 825 17300
19-Jan 1992 12100 93 3290 754 16400
20-Jan 1992 16100 90 3040 746 17600
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APPENDIX 2. (CONTINUED)

Month Year  Complex Imnaha Salmon G. Ronde Anatone Gage
21-Jan 1992 15400 100 2770 738 19600
22-Jan 1992 13000 113 2680 798 18100
23-Jan 1992 12600 147 2840 917 16300
24-Jan 1992 12800 147 3100 893 16700
25-Jan 1992 11000 138 3500 888 16600
26-Jan 1992 9820 129 3680 879 15100
27-Jan 1992 13300 130 3640 879 15800
28-Jan 1992 15500 148 3630 1330 19800
29-Jan 1992 11600 164 3670 1710 19900
30-Jan 1992 12000 158 3670 1790 17000
31-Jan 1992 11200 152 3620 1780 19200
01-Feb 1992 10200 152 3550 1800 19100
02-Feb 1992 9960 151 3500 1850 19100
03-Feb 1992 14000 142 3460 1790 19100
04-Feb 1992 12500 131 3380 1680 19100
05-Feb 1992 11500 139 3180 1580 19100
06-Feb 1992 11900 155 2970 1510 19100
07-Feb 1992 13200 158 2940 1480 19100
08-Feb 1992 10400 151 3120 1440 19100
09-Feb 1992 10200 149 3300 1400 19100
10-Feb 1992 11500 148 3480 1360 18300
11-Feb 1992 11100 153 3600 1350 17600
12-Feb 1992 12300 162 3620 1360 17400
13-Feb 1992 10800 174 3630 1400 18600
14-Feb 1992 9960 181 3660 1480 16800
15-Feb 1992 9880 182 3700 1540 16600
16-Feb 1992 9860 186 3740 1630 16700
17-Feb 1992 9900 172 3730 1580 16700
18-Feb 1992 11900 173 3630 17600
19-Feb 1992 13000 178 3660 18700
20-Feb 1992 11600 235 4000 3590 20100
21-Feb 1992 15100 347 4690 6140 26100
22-Feb 1992 12000 329 4980 6470 26700
23-Feb 1992 14200 299 5060 5940 26600
24-Feb 1992 12400 280 4880 5250 25300
25-Feb 1992 14400 265 4590 5010 25500
26-Feb 1992 15100 279 4450 4880 25200
27-Feb 1992 15000 302 4460 4650 25900
28-Feb 1992 14000 332 4490 4460 24800
29-Feb 1992 12500 394 4690 4310 25500
01-Mar 1992 15600 394 4870 4330 23900
02-Mar 1992 12500 397 5080 4220 26100
03-Mar 1992 14300 422 5470 4050 24100
04-Mar 1992 13100 411 5680 3790 24500
05-Mar 1992 14500 392 5820 3560 25600
06-Mar 1992 11800 400 5870 3440 23600
07-Mar 1992 13300 403 5790 3410 23400
08-Mar 1992 12200 383 5650 3270 23700
09-Mar 1992 14600 367 5560 3100 23500
10-Mar 1992 13500 355 5320 2950 24400
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APPENDIX 2.(CONTINUED)

Month Year Complex Imnaha Salmon G. Ronde Anatone Gage
11-Mar 1992 13300 354 5210 2840 22600
12-Mar 1992 14900 371 5270 2800 22900
13-Mar 1992 10100 396 5500 2840 22000
14-Mar 1992 9840 422 5830 2920 20100
15-Mar 1992 14800 440 6160 3020 22200
16-Mar 1992 12500 436 6550 3060 25300
17-Mar 1992 14500 397 6670 2950 23800
18-Mar 1992 12100 367 6370 2770 24800
19-Mar 1992 10000 349 5980 2600 20200
20-Mar 1992 9850 340 5710 2470 19600
21-Mar 1992 9840 333 5520 2370 19200
22-Mar 1992 13600 330 5390 2290 20400
23-Mar 1992 11400 330 5290 2230 22100
24-Mar 1992 9850 328 5260 2180 18600
25-Mar 1992 9820 339 5280 2170 18400
26-Mar 1992 9850 347 5380 2180 18500
27-Mar 1992 9850 337 5600 2140 18600
28-Mar 1992 9790 322 5710 2060 18700
29-Mar 1992 9880 319 5750 2010 18700
30-Mar 1992 9800 329 5830 2010 18700
31-Mar 1992 9810 357 6110 2050 18800
01-Apr 1992 9790 389 6610 2140 19300
02-Apr 1992 9890 436 7420 2290 20100
03-Apr 1992 9350 498 8660 2390 21200
04-Apr 1992 8820 467 9580 2340 22000
05-Apr 1992 8710 426 9310 2230 21800
06-Apr 1992 8720 390 8640 2130 21100
07-Apr 1992 8710 372 7960 2050 20300
08-Apr 1992 8720 370 7670 2160 19800
09-Apr 1992 8710 393 8210 3170 20600
10-Apr 1992 8690 380 9530 3500 22400
11-Apr 1992 8700 389 9760 3480 23200
12-Apr 1992 8740 462 11000 3750 24000
13-Apr 1992 8720 486 11700 3830 25500
14-Apr 1992 8730 467 11600 3690 25500
15-Apr 1992 8730 462 11400 3620 25200
16-Apr 1992 8710 560 12100 4040 25400
17-Apr 1992 8690 578 14000 4720 28000
18-Apr 1992 8670 515 13600 4680 29100
19-Apr 1992 8670 483 12700 4450 27800
20-Apr 1992 8710 492 12400 4180 26700
21-Apr 1992 11500 AT7 13100 3880 27700
22-Apr 1992 9330 439 12700 3560 28900
23-Apr 1992 8490 410 11900 3280 25600
24-Apr 1992 8580 391 11300 3060 24300
25-Apr 1992 9490 402 11400 2980 24000
26-Apr 1992 12800 433 12600 3030 25800
27-Apr 1992 11000 459 14300 3070 31800
28-Apr 1992 8670 520 16700 3220 29100
29-Apr 1992 8520 615 20400 3760 32300
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APPENDIX 2. (CONTINUED)

Month Year  Complex Imnaha Salmon Ronde Anatone Gage
30-Apr 1992 18300 585 22400 3600 40900
01 -May 1992 20100 523 20900 3200 47200
02-May 1992 20100 505 19500 2980 45000
03-May 1992 20200 521 19300 2910 44200
04-May 1992 20200 565 20000 2970 44600
05-May 1992 11300 623 21800 3110 42500
06-May 1992 8600 682 24100 3310 37100
07-May 1992 8530 734 25700 3690 39700
08-May 1992 8490 671 26700 3410 40900
09-May 1992 8530 586 24900 2950 40000
10-May 1992 8570 542 22200 2650 36400
11-May 1992 8590 499 20000 2370 33300
12-May 1992 8590 458 18000 2160 30900
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APPENDIX 3. United States Geological Survey Snake River daily average water temperature data from Anatone Gage,
Washington, 1975-1982.

Month °C Month °C Month °C Month °C Month °C

25-Aug 20.8 17-0Oct 145 09-Dec 5.7 31-Jan 2.4 24-Mar 7.5
26-Aug 20.6 18-0Oct 14.3 10-Dec 5.7 O0l-Feb 2.3 25-Mar 7.6
27-Aug 20.3 19-Oct 13.9 11-Dec 5.6 02-Feb 2.4 26-Mar 7.8
28-Aug 20.2 20-Oct 13.7 12-Dec 5.5 03-Feb 2.4 27-Mar 7.8
29-Aug 20.3  21-Oct 13.5 13-Dec 5.3 04-Feb 2.2 28-Mar 7.5
30-Aug 20.1  22-0Oct 13.2  14-Dec 5.4 05-Feb 2.2 29-Mar 7.4
31-Aug 20.1  23-0Oct 13.1  15-Dec 5.6 06-Feb 2.2 30-Mar 7.5
01-Sep 20.7 24-Oct 129 16-Dec 5.4 07-Feb 2.3 31-Mar 7
02-Sep 20.8 25-Oct 12.7  17-Dec 5.1 08-Feb 2.3  01-Apr 7.6
03-Sep 21 125 18-Dec 5 09-Feb 2.4 02-Apr 1.7
04-Sep 21.1  27-Oct 12.3  19-Dec 4.9 10-Feb 2.4 03-Apr 7.9
05-Sep 21.2 28-Oct 12.2  20-Dec 4.8 11-Feb 2.5 04-Apr 8.4
06-Sep 21  29-Oct 12.3  21-Dec 4.8 12-Feb 2.5 05-Apr 8.6
07-Sep 20.7 30-Oct 12.1  22-Dec 4.8 13-Feb 2.6 06-Apr 8.6
08-Sep 20.3 31-Oct 11.7 23-Dec 4.6 14-Feb 3 07-Apr 8.5
09-Sep 20.2 01-Nov 11.5 24-Dec 4.5 15-Feb 3.3 08-Apr 8.7
10-Sep 20.3 02-Nov 11.4  25-Dec 4.5 16-Feb 3.4 09-Apr 8.8
11-Sep 20.2 03-Nov 11.4  26-Dec 4.5 17-Feb 3.7 10-Apr 8.9
12-Sep 20 04-Nov 11.4 27-Dec 4.6 18-Feb 3.9 11-Apr 9.2
13-Sep 20  05-Nov 11.1  28-Dec 4.5 19-Feb 4.3 12-Apr 9.3
14-Sep 20 06-Nov 11.1  29-Dec 3.9 20-Feb 4.5 13-Apr 9.3
15-Sep 20.1 07-Nov 10.9  30-Dec 3.9 21-Feb 4.4 14-Apr 9.5
16-Sep 19.9 08-Nov 10.7 31-Dec 4 22-Feb 4.5 15-Apr 9.8
17-Sep 19.7  09-Nov 10.4  01-Jan 3.9 23-Feb 4.2 16-Apr 10
18-Sep 19.7  10-Nov 10.2 02-Jan 3.8 24-Feb 4.1 17-Apr 9.8
19-Sep 19.7  11-Nov 9.9 03-Jan 3.8 25-Feb 4.4 18-Apr 10.1
20-Sep 19.7  12-Nov 9.8 04-Jan 3.7 26-Feb 19-Apr 10.4
21-Sep 19.5 13-Nov 9.7 0S-Jan 3.5 27-Feb 4.6 20-Apr 10.3
22-Sep 19.4  14-Nov 9.1 06-Jan 3.1 28-Feb 4.6 21-Apr 10.6
23-Sep 19.3  15-Nov 9 07-Jan 3.1 29-Feb 4.6 22-Apr 10.9
24-Sep 19.2  16-Nov 8.6 08-Jan 3 01-Mar 4.6 23-Apr 11.3
25-Sep 19.3  17-Nov 8.9 09-Jan 2.7 02-Mar 4.7 24-Apr 11.2
26-Sep 19.5 18-Nov 8.6 10-Jan 2.6 03-Mar 4.8 25-Apr 11.1



APPENDIX 3. (CONTINUED).

Month °C Month °C Month °C Month °C Month °C
27-Sep 19.5 19-Nov 8.3 11-Jan 2.7 04-Mar 4.8 26-Apr 11.2
28-Sep 19.4  20-Nov 7.9 12-Jdan 2.8 05-Mar 5 27-Apr 11.2
29-Sep 19.4  21-Nov 7.6 13-Jan 2.7 06-Mar 5.4  28-Apr 11.2
30-Sep 19.1  22-Nov 7.8 14-Jan 2.8 07-Mar 5.5 29-Apr 11.3
01-Oct 17.1  23-Nov 7.6 15-Jan 2.9 08-Mar 5.6 30-Apr 11.7
02-0ct 16.9  24-Nov 7.5 16-Jan 2.9 09-Mar 5.8 01-May 11.8
03-0ct 16.6  25-Nov 7.2 17-Jan 3 10-Mar 5.9 02-May 11.9
04-0ct 16.1 26-Nov 7.2 18-Jan 3.1 1l-Mar 5.8 03-May 11.2
05-0ct 16 27-Nov 7.1 19-Jan 3 12-Mar 5.9 04-May 10.8
06-0ct 16  28-Nov 7.1 20-Jan 3 13-Mar 5.9 05-May 10.7
07-0ct 16.2  29-Nov 7 21-Jan 3 14-Mar 6 06-May 10.6
08-0ct 16 30-Nov 6.7 22-Jan 2.9 15-Mar 6 07-May 10.8
09-0ct 15.8 01-Dec 6.5 23-Jan 2.8 16-Mar 6 08-May 11.1
10-0ct 15.5 02-Dec 6.5 24-Jan 2.8 17-Mar 6.3 09-May 11.2
11-Oct 15.4 03-Dec 6.3 25-Jan 2.9 18-Mar 6.4 10-May 115
12-0ct 15.3  04-Dec 6.5 26-Jan 2.6 19-Mar 6.6 11-May 11.9
13-0ct 15.2 05-Dec 6.2 27-Jan 2.4 20-Mar 6.7 12-May 12.4
14-0ct 15 06-Dec 6 28-Jan 2.3 2l-Mar 7.3
15-0ct 14.9 07-Dec 6.1 29-Jdan 2.5 22-Mar 7.4
16-0ct 14.8 08-Dec 5.8 30-Jan 2.5 23-Mar 7.4
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APPENDI X 4.

Average daily Snake River

wat er

and Hells Canyon air

t enper at ur es

by RK collected by thernograph for regression analysis, August 1991 to May 1992.
Date RK 265 RK 287 RK 303 RK 312 RK 347 RK 398 IMNAHA SALMON G_RONDE AlR AIR] AlIR-14 AIR-21 AIR_30
25-Aug 21.8 21.4 20.9 20.7 20.6 20.4 19.8 22.3 21.7 27.7 28.9 26.4 30.6 26.4
26-Aug 21 21 20.7 20.5 20.5 20.5 19.2 21.7 20.7 26.1 31.1 26.6 29.1 26.8
27-Aug 20.8 20.7 20.7 20.6 20.7 20.6 19.0 21.1 20.3 27.4 30.7 28.5 29.7 27.9
28-Aug 20.8 20.6 20.8 20.6 20.6 20.8 18.4 20.6 20.2 24.9 30.7 28.9 30.5 29.4
29-Aug 20.9 20.8 20.8 20.7 21 20.9 19.5 21 21 27.2 29.6 29.1 30.2 31.1
30-Aug 21.3 21.2 21.5 21.3 21.2 20.8 19.8 20.9 21.9 28.0 28.8 29.0 30.2 29.0
31-Aug 21.6 21.4 21.5 21.3 21.2 20.5 20.2 21.2 22.2 28.8 28.4 28.4 27.1 30.7
01-Sep 21.4 21.2 21.2 21 20.8 20.4 19.8 21.1 21.5 26.6 27.7 28.9 26.4 28.8
OZ-Sep 20.7 20.6 20.7 20.5 20.5 20.5 18.5 20.5 19.7 24.6 26.1 31.1 26.6 28.3
03-Sep 20.6 20.4 20.5 20.4 20.5 20.6 18.3 20.4 19.8 26.0 27.4 30.7 28.5 30.2
04-Sep 20.6 20.5 20.7 20.6 20.7 20.8 18.5 20.2 19.9 27.3 24.9 30.7 28.9 30.6
05*Sep 20.8 20.7 21.1 20.9 21 20.9 19.0 20.2 20.1 27.6 27.2 29.6 29.1 29.1
06-Sep 21.1 21 21.3 21.1 21.1 20.9 19.5 20.5 20.6 27.9 28.0 28.8 29.0 29.7
07-Sep 21.3 21.2 21.4 21.3 21.3 20.9 20.3 20.7 21.2 27.7 28.8 28.4 28.4 30.5
08-Sep 21.1 21 21.2 21 20.9 20.9 19.1 20.5 19.9 23.2 26.6 27.7 28.9 30.2
09-Sep 20.5 20.5 20.8 20.6 20.8 21.0 17.3 20 18.5 20.9 24.6 26.1 31.1 30.2
10-sep 20.6 20.6 20.9 20.8 21 21.0 17.3 19.6 18.1 20.7 26.0 27.4 30.7 27.1
11-Sep 20.6 20.6 21.1 20.9 21 20.9 17.2 19 18 21.4 27.3 24.9 30.7 26.4
12-Sep 20.8 20.7 21.1 21 21 20.9 17.7 19 18.5 23.3 27.6 27.2 29.6 26.6
13-Sep 20.6 20.6 21 20.8 20.8 20.8 16.8 18.9 18 22.5 27.9 28.0 28.8 28.5
14-Sep 20 20.1 20.6 20.5 20.7 20.7 15.6 18.2 16.5 19.8 27.7 28.8 28.4 28.9
15-Sep 20 20 20.6 20.4 20.5 20.6 15.4 17.6 16.5 20.0 23.2 26.6 27.7 29.1
16-Sep 20 20 20.7 20.6 20.7 20.8 15.4 17.3 16.8 22.3 20.9 24.6 26.1 29.0
17-Sep 20.1 20.2 20.8 20.7 20.8 20.8 16.0 17.2 17.3 23.9 20.7 26.0 27.4 28.4
1B-Sep 20.2 20.2 20.9 20.7 20.8 20.8 16.4 17.1 17.5 22.6 21.4 27.3 24.9 28.9
19-Sep 20.2 20.2 20.8 20.7 20.8 20.6 16.3 17 17.7 22.6 23.3 27.6 27.2 31.1
20~Sep 20 19.9 20.8 20.6 20.6 20.6 16.4 16.8 18.1 23.9 22.5 27.9 28.0 30.7
21-Sep 19.5 19.5 20.3 20.1 20.2 20.5 14.6 16.3 16.3 18.6 19.8 27.7 28.8 30.7
ZZ-Sep 18.8 18.9 19.8 19.7 19.9 20.3 12.9 15.6 14.3 17.8 20.0 23.2 26.6 29.6
23-Sep 18.5 18.6 19.7 19.7 20 20.2 13.0 15.3 14.2 20.0 22.3 20.9 24.6 28.8
24-5ep 19 19 20 19.9 20 20.0 14.0 15.2 14.9 20.9 23.9 20.7 26.0 28.4
ZS-Sep 19.1 19.1 20 20 20 19.9 15.0 15.4 16 20.7 22.6 21.4 27.3 27.7
Z6-Sep 19.3 19.1 20.1 20 20 19.9 15.9 15.8 18 21.5 22.6 23.3 27.6 26.1
ZT-Sep 19.6 19.2 20.2 20 20 19.9 16.3 15.8 17.4 23.3 23.9 22.5 27.9 27.4
28-Sep 19.3 19.2 20.2 20 19.9 19.8 16.6 15.8 17.3 21.3 18.6 19.8 27.7 24.9
29-Sep 19.2 19 20 19.8 19.9 19.8 16.7 15.8 17.3 20.8 17.8 20.0 23.2 27.2
30-Sep 19.1 19 20 19.9 19.9 19.7 16.3 15.8 17.4 22.2 20.0 22.3 20.9 28.0
01-0ct 19.1 19.1 19.9 19.7 19.8 19.7 16.2 16 16.9 23.2 20.9 23.9 20.7 28.8
02-0ct 18.9 18.9 19.7 19.6 19.7 19.6 15.7 15.8 16 21.9 20.7 22.6 21.4 26.6
03-0Oct 18.6 18.5 19.3 19.2 19.2 19.4 13.5 15.5 14.7 18.6 21.5 22.6 23.3 24.6
04-0ct 17.5 17.6 18.6 18.5 18.9 19.3 1.4 14.8 12.7 16.6 23.3 23.9 22.5 26.0
05-Oct 17.4 17.5 18.6 18.5 18.8 19.1 10.6 14.1 11.8 16.9 21.3 18.6 19.8 27.3
06-0Oct 17.2 17.4 18.6 18.5 18.7 18.9 10.7 13.5 11.5 18.9 20.8 17.8 20.0 27.6
07-0ct 17.1 17.2 18.5 18.4 18.7 18.7 11.5 13.4 11.8 18.1 22.2 20.0 22.3 27.9



APPENDI X 4. ( CONTI NUED)

Date RK 265 RK 287 RK 303 RK 312 RK 347 RK 398 IMNAHA SALMON  G_RONDE A IR AIR-7 AlR-14  AIR-21  AIR_30
08-0ct 17.2 17.3 185 18.4 18.4 18.4 12.0 13.2 12 18.7 23.2 20.9 23.9 er.7
09-0ct 17 17 18.2 18.1 18.2 18.3 11.9 12.9 12 19.0 21.9 20.7 22.6 23.2
10-0ct 16.9 16.9 18.2 18 18.2 18.2 11.9 12.5 121 18.1 18.6 21.5 22.6 20.9
11-0ct 16.7 16.7 18.1 18 18.1 18.1 12.2 12.3 12.4 20.3 16.6 23.3 23.9 20.7
12-0ct 16.6 16.5 18 17.9 18 18.0 12.7 12.2 12.7 20.7 16.9 21.3 18.6 21.4
13-0ct 16.4 16.4 17.9 17.7 17.9 18.0 123 12.3 125 19.3 18.9 20.8 17.8 23.3
14-0Oct 16.2 16.2 17.6 17.5 17.8 17.9 11.3 121 12 171 18.1 22.2 20.0 22.5
15-0ct 16.3 16.4 17.8 17.7 17.8 17.9 114 12 12.1 19.6 18.7 23.2 20.9 19.8
16-0ct 16.4 16.3 17.7 17.6 17.7 17.8 11.7 1.9 11.9 191 19.0 21.9 20.7 20.0
17-0Oct 15.7 15.7 171 17 17.3 17.7 10.7 11.8 11.2 141 18.1 18.6 21.5 22.3
18-0ct 15 15.2 16.6 16.6 17 175 8.4 11.2 9 12.4 20.3 16.6 23.3 23.9
19-0ct 15 15.2 16.7 16.7 17 17.3 8.9 10.9 9.5 14.7 20.7 16.9 21.3 22.6
20-0ct 15 15.1 16.7 16.6 16.9 17.1 9.2 10.4 9.4 14.4 19.3 18.9 20.8 22.6
21-0Oct 14.9 15 16.8 16.6 16.8 17.0 105 105 10.1 16.6 171 18.1 22.2 23.9
22-0ct 14.7 14.7 16.3 16.2 16.4 16.7 9.2 10.4 9:s 11.3 19.6 18.7 23.2 18.6
23-0ct 14.2 14.3 15.9 15.9 16.2 16.5 8.4 10.2 8.7 9.0 191 19.0 21.9 17.8
24-0ct 13.8 14 15.7 15.6 15.8 16.3 7.7 9.7 8.4 8.9 141 18.1 18.6 20.0
25-0ct 13.5 13.6 15.3 15.3 15.7 16.0 8.0 9.3 8.1 9.1 12.4 20.3 16.6 20.9
26-0ct 13.2 13.4 15.3 15.3 155 15.8 8.2 8.2 9:0 14.7 20.7 16.9 20.7
27-0ct 12.9 13.1 15 15 15.3 15.7 7.3 8.3 7.6 7.7 14.4 19.3 18.9 21.5
28-0ct 12.4 125 14.5 14.5 14.9 15.5 5.7 8.2 6.5 6.2 16.6 17.1 18.1 23.3
29-0ct 11.8 12 14.1 14 14.5 15.2 4.7 7.4 5.2 4.5 11.3 19.6 18.7 21.3
30-0ct 11.2 1.5 13.6 13.6 14.1 14.9 3.9 6.4 4.3 4.9 9.0 19.1 19.0 20.8
31-0ct 11 1.4 13.7 13.6 14 14.6 4.2 6.1 3.7 4.4 8.9 141 18.1 22.2
01-Nov 1 11.4 135 13.5 13.9 14.3 4.5 6.1 3.7 4.7 9.1 12.4 20.3 23.2
02-Nov 10.6 10.8 13 13 13.3 14.0 2.9 5.2 2.6 2.8 9.0 14.7 20.7 21.9
03-Nov 9.9 10.3 12.7 12.7 131 13.7 2.3 4.3 2.2 4.8 7.7 14.4 19.3 18.6
04-Nov 10 10.3 12.6 12.6 12.8 13.4 4.1 4.1 3.4 6.3 6.2 16.6 171 16.6
05-Nov 10.2 10.3 12.6 12.5 12.8 131 6.1 4 5.1 6.7 4.5 11.3 19.6 16.9
06-Nov 10.1 10.2 12.7 12.6 12.7 12.8 7.5 4.2 5.9 8.3 4.9 9.0 19.1 18.9
07-Nov 9.8 9.9 125 12.4 12.6 12.6 6.0 4.1 5.9 9.4 4.4 8.9 14.1 18.1
08-Nov 9.4 9.5 12.4 12.3 12.6 12.5 6.5 3.4 6.3 1.9 4.7 9.1 12.4 18.7
09-Nov 9.7 9.8 12.6 12.5 12.5 12.3 9.2 4.2 6.9 10.1 2.8 9.0 14.7 19.0
10-Nov 10 10 12.4 12.2 12.2 12.2 8.5 5 7.3 9.9 4.8 7.7 14.4 18.1
11-Nov 9.8 9.7 121 12 121 121 7.3 5.2 6.8 10.7 6.3 6.2 16.6 20.3
12-Nov 9.9 9.9 12 11.9 121 121 8.8 6 7.4 10.6 6.7 4.5 11.3 20.7
13-Nov 101 10.2 12 11.9 12 11.9 8.4 6.8 7.6 9.7 8.3 4.9 9.0 19.3
14-Nov 9.8 9.9 1.7 11.6 11.7 11.8 6.7 6.5 6.8 8.3 9.4 4.4 8.9 17.1
15-Nov 9.3 9.5 11.3 11.2 11.4 11.7 5.3 6.2 5.7 6.6 1.9 4.7 9.1 19.6
16-Nov 8.9 9.1 " 10.9 11.2 115 3.8 5.6 4.3 7.5 101 2.8 9.0 19.1
17-Nov 9 9.2 1.1 1 11.2 11.4 6.4 5.4 4.5 8.0 9.9 4.8 7.7 14.1
18-Nov 9.1 9.4 11.1 11.1 11.1 11.1 5.9 5.8 4.6 6.8 10.7 6.3 6.2 12.4
19-Nov 9.1 9.3 10.9 10.8 10.8 10.9 5.1 5.5 5 7.4 10.6 6.7 4.5 14.7
20-Nov 9 8.9 10.8 10.6 10.7 10.7 6.4 5.1 5.8 7.5 9.7 8.3 4.9 14.4
21-Nov 8.6 8.8 105 10.4 10.4 10.4 5.6 4.9 5.5 5:s 8.3 9.4 4.4 16.6
22-Nov 8.3 8.4 10.1 9.9 10 10.2 4.0 4.6 4.4 4.3 6.6 11.9 4.7 11.3
23-Nov 7.7 7.9 9.7 9.5 9.7 10.0 2.4 4.1 3.2 4.4 7.5 101 2.8 9.0
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APPENDIX 4. (CONTINUED)
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APPENDI X 4. ( CONTI NUED)

Date RK 265 RK 287 RK 303 RK 312 RK 347 RK 398 IMNAHA  SALMON  G_RONDE AIR AIR-7 AIR-14  AIR-21  AIR-30
27-Feb 5.9 4.9 4.9 4.5 4.4 4.0 7.8 5.7 7.4 10.2 8.6 8.6 4.6 5.7
28-Feb 5.9 5.1 4.9 4.6 4.5 4.1 75 6 7.4 10.5 8.3 8.7 5.4 7.4
29-Feb 6 5.2 4.6 4.6 4.2 7.6 6.2 7.6 11.6 8.6 8.6 6.9 7.9
01-Mar 6.2 5.5 5.: 4.8 4.8 4.4 8.2 6.7 8 12.6 7.5 7.3 7.0 7.6
02-Mar 6.5 5.8 5.5 5.1 4.9 4.5 8.1 7.2 7.8 10.5 8.9 5.9 8.4
03-Mar 6.5 5.8 5.5 5.1 5 4.6 8.0 7.4 7.7 11.1 10.3 7.1 9.3 8:X
04-Mar 6.8 6.1 5.9 5.4 5.2 4.7 8.7 7.5 7.9 11.0 10.7 8.7 9.6
05-Mar 6.7 6.1 5.6 5.3 5.1 4.8 7.4 7.6 7 9.6 10.2 8.6 8.6 3:
06-Mar 6.7 6.2 5.8 5.4 5.2 4.9 7.5 7.9 7.3 11.0 10.5 8.3 8.7 3.5
07-Mar 7 6.4 6 5.5 5.6 5.1 8.4 8.1 7.9 11.4 11.6 8.6 8.6 4.0
08-Mar 7.4 6.9 6.3 5.9 5.7 5.3 9.3 8.5 8.2 12.0 12.6 7.5 7.3 4.6
09-Mar 7.5 7 6.4 6 5.9 5.6 8.7 8.9 7.9 12.1 10.5 8.9 5.9 5.4
10-Mar 7.5 7.1 6.7 6.3 6.3 6.0 7.9 8.8 7.6 10.8 11.1 10.3 7.1 6.9
11-Mar 7.6 7.2 7.1 6.6 6.6 6.3 7.8 8.6 7.8 11.7 11.0 10.7 8.7 7.0
12-Mar 7.8 7.5 7.3 6.9 6.8 6.5 8.2 8.6 8.1 11.6 9.6 10.2 8.6 8.4
13-Mar 8.1 7.7 7.5 7.1 6.9 6.6 8.9 8.6 8.7 13.5 11.0 10.5 8.3 9.3
14-Mar 8.4 7.9 7.8 7.2 7.1 6.8 9.4 8.8 9.2 13.2 11.4 11.6 8.6 9.6
15-Mar 8.8 8.2 8.2 7.5 7.4 6.9 10.1 9 10 15.9 12.0 12.6 7.5 8.6
16-Mar 9 8.4 8 7.7 7.5 7.0 9.3 9.1 10 11.7 12.1 10.5 8.9 8.7
17-Mar 8.6 8.1 7.8 7.5 7.4 7.1 8.2 9.1 9.3 9.3 10.8 11.1 10.3 8.6
18-Mar 8.4 8 8.1 7.5 7.4 6.9 8.4 8.7 8.8 10.4 11.7 11.0 10.7 7.3
19-Mar 8.3 7.8 7.7 7.4 7.2 6.9 8.0 8.6 8.4 10.9 11.6 9.6 10.2 5.9
20-Mar 8.4 8 8.1 7.5 7.1 8.1 8.9 8.5 12.4 13.5 11.0 10.5 7.1
21-Mar 8.6 8.3 8.3 3:: 7.6 7.3 8.2 9 8.5 12.2 13.2 11.4 11.6 8.7
22-Mar 8.8 8.5 8.5 7.9 7.9 7.7 8.2 9.1 8.7 12.5 15.9 12.0 12.6 8.6
23-Mar 9 8.6 8.8 8.2 8.3 8.0 8.5 9.2 9.1 12.4 11.7 12.1 10.5 8.3
24-Mar 9.2 8.8 8.9 8.5 8.5 8.2 8.9 9.2 9.2 12.7 9.3 10.8 11.1 8.6
25-Mar 9.4 9.1 9.4 8.8 8.7 8.3 9.3 9.3 9.6 12.3 10. 11.7 11.0 7.5
26-Mar 9.7 9.3 9.4 8.9 8.7 8.3 9.1 9.6 10 11.7 10.9 11.6 9.6 8.9
27-Mar 9.6 9.3 9.2 8.9 8.8 8.3 9.1 9.5 9.7 11.7 12.4 13.5 11.0 10.3
28-Mar 9.3 9.1 9.2 8.8 8.7 8.2 8.0 9.4 11.5 12.2 13.2 11.4 10.7
29-Mar 9.2 9 9 8.7 8.6 8.4 8.0 9.1 8.3 11.3 12.5 15.9 12.0 10.2
30-Mar 9.4 9.2 9.2 9 8.9 8.6 9.4 9.6 9.5 14.0 12.4 11.7 12.1 10.5
31-Mar 10.2 9.8 9.8 9.5 9.3 8.8 10.7 10.3 11.2 17.2 12.7 9.3 10.8 11.6
01-Apr 10.8 10.3 10.1 9.7 9.5 8.9 115 11.1 11.9 17.4 12.3 10.4 11.7 12.6
02-Apr 11.2 10.7 10.3 9.9 9.7 9.3 12.0 115 12.7 17.8 11.7 10.9 11.6 10.5
03-Apr 11.5 10.9 10.5 10.2 10.1 9.5 12.0 11.9 12.9 17.9 11.7 12.4 13.5 11.1
04-Apr 11.5 11.1 10.6 10.3 10 9.4 11.1 12 11.9 12.0 115 12.2 13.2 11.0
OS-Apr 11 10.7 10.1 9.8 9.7 9.4 9.0 11.3 10.3 8.9 11.3 12.5 15.9 9.6
06-Apr 10.5 10.3 9.8 9.6 9.5 9.6 7.5 10.9 9.2 8.4 14.0 12.4 11.7 11.0
07-Apr 9.8 9.6 9.5 9.5 9.6 9.7 6.2 9.7 8 8.5 17.2 12.7 9.3 11.4
08-Apr 9.5 9.3 9.8 9.7 9.9 9.8 7.3 9 7.9 10.2 17.4 12.3 10.4 12.0
09-Apr 9.5 9.3 10.2 10 10 9.8 8.7 8.4 8.5 11.3 17.8 11.7 10.9 12.1
10-Apr 9.7 9.4 10.4 10.2 10.2 9.8 9.4 8.3 9.6 11.4 17.9 11.7 12.4 10.8
11-Apr 9.6 9.3 10.5 10.3 10.2 9.8 9.4 8.2 9.3 12.2 12.0 11.5 12.2 11.7
12-Apr 9.8 9.6 10.7 10.5 10.3 10.0 10.4 8.8 9.8 14.0 8.9 11.3 12.5 11.6



APPENDI X 4. ( CONTI NUED)

Date RK 265 RK 287 RK 303 RK 312 RK 347 RK 398 IMNAHA SALMON  G_RONDE AIR AIR-7 AIR-14  AIR-21  AIR-30
13-Apr 10.4 10.2 10.9 10.7 10.7 10.1 11.1 9.8 10.6 15.9 8.4 14.0 12.4 135
14-Apr 11.1 10.8 11.4 11.1 10.8 10.0 11.3 10.5 11.4 16.0 8.5 17.2 12.7 13.2
15-Apr 11.7 11.2 11.4 " 10.8 10.1 11.5 11 11.9 15.8 10.2 17.4 12.3 15.9
16-Apr 11.8 11.4 11.5 1. 10.9 10.3 121 11.3 12.4 16.5 11.3 17.8 11.7 11.7
17-Apr 11.8 11.5 11.4 11.1 1" 10.5 11.5 11.4 12 13.6 114 17.9 11.7 9.3
18-Apr 11.4 11.2 11.3 11.1 10.8 10.4 9.8 11 10.4 11.8 12.2 12.0 11.5 104
19-Apr 11 10.8 11.2 11 10.8 10.5 9.6 10.6 10.5 13.4 14.0 8.9 11.3 10.9
20-Apr 11.3 10.9 11.6 11.3 11.2 10.7 111 10.6 11.3 17.0 15.9 8.4 14.0 124
21-Apr 11.3 11 11.6 11.4 11.2 10.7 11.0 10.6 1 12.7 16.0 8.5 17.2 12.2
22-Apr 10.8 10.6 11.2 1 11 10.7 9.5 10.3 10.1 11.3 15.8 10.2 17.4 125
23-Apr 10.8 10.6 111 11 11 11.0 9.0 10.4 10.1 11.7 16.5 11.3 17.8 12.4
24-Apr 1 10.7 11.6 11.5 11.5 111 9.6 10.2 10.5 14.6 13.6 11.4 17.9 12.7
25-Apr 11.5 11.1 12.2 11.9 11.8 11.2 115 10.5 11.9 17.4 11.8 12.2 12.0 12.3
26-Apr 121 11.6 12.5 12.2 11.8 11.0 12.7 10.7 13.2 19.4 13.4 14.0 8.9 11.7
27-Apr 12.4 11.8 12.3 12 11.7 111 131 11.3 14.2 19.1 17.0 15.9 8.4 11.7
28-Apr 12.8 12.3 12.4 121 11.8 11.2 14.1 12.1 14.7 19.5 12.7 16.0 8.5 11.5
29-Apr 13.3 12.8 12.8 12.4 12 11.2 14.2 12.9 14.8 21.4 11.3 15.8 10.2 11.3
30-Apr 13.3 12.8 12.7 12.4 11.9 11.3 13.3 12.9 13.9 16.1 11.7 16.5 11.3 14.0
01-Hay 12.5 121 12.1 11.8 11.7 11.5 11.1 11.9 12.3 14.8 14.6 13.6 11.4 17.2
02-May 12.2 11.9 12.3 12.1 12.1 11.9 11.6 11.6 12.4 18.1 17.4 11.8 12.2 17.4
03-May 12.6 12.2 12.9 12.7 12.6 12.1 13.0 11.6 13.9 21.1 19.4 13.4 14.0 17.8
04-May 12.9 12.3 13.1 12.8 12.6 12.1 13.7 11.8 14.9 21.2 19.1 17.0 15.9 17.9
05-May 131 12.6 13.2 12.9 12.8 12.4 14.3 123 15.6 22.1 195 12.7 16.0 12.0
06-May 13.6 13.1 13.6 13.3 13.2 12.6 14.9 12.8 16.2 23.5 21.4 11.3 15.8 8.9
07-May % 13.4 14.3 13.9 13.5 12.7 15.0 13 16.5 22.6 16.1 11.7 16.5 8.4
08-May 13.8 13.2 141 13.8 13.4 12.8 13.6 12.8 15.4 19.9 14.8 14.6 13.6 8.5
09-May 12.9 12.5 13.5 13.4 13 12.8 11.4 121 13 14.6 18.1 17.4 11.8 10.2
10-May 12.6 12.2 13.4 13.3 13.3 131 11.9 11.8 13.1 18.3 21.1 19.4 13.4 11.3
11-May 12.4 11.9 13.6 13.5 13.5 13.2 12.0 11.3 12.8 16.0 21.2 19.1 17.0 11.4
12-May 12.2 11.9 13.7 13.6 13.3 13.3 11.3 11.2 12.7 15.3 22.1 19.5 12.7 12.2



Appendix 5. Sumary of the runimof subyearling chinook salmon marked with coded wire tags and brands or considered
not suitable for marking at McNary Dam during June to August, 1991.

MARKED I8 HOUR DELAYED MORTALITY UNMARKABLE
AND TAG LOSS
cvr Marked & held & Total #lost XTag | Prev. Under- Other Total
Date Cods Brand Bypassed Trans. Mark. | fMorts XMort Tags Loss | Branded Desc. Size Unmark. Ummark.
Jun 20 27/11 LAR1 1,302 125 1.427 0 0.0 0 0.0 4 122 54 640 820
Jun 21 27/11 LAR4 985 100 1,085 0 0.0 0 0.0 4 86 103 453 646
Jun 22 27/11 LAB3 1,137 100 1.237 0 0 [p 6 121 107 512 746
Jun 23 27/11 LA62  1.843 100 1.943 2 2000 0 0.0 10 152 89 683 934
Jun 24 27/11 RAR1 1954 1252 2,079 0 0.0 0 0.0 10 185 67 605 867
Jun 25 27/11 RAR2 3,997 100 4,097 0 0.0 0 0.0 16 238 140 753 1,147
Jun 26 27/10 RAR3 5,486 100 5,586 0 0.0 1 1.0 33 368 107 843 1,351
Jun 27 27/10 RAR4 6.514 100 6.614 0 0.0 0 0.0 46 446 63 709 1.244
Jun 28 27/9 RA2K3 4.992 100 5,092 0 0.0 0 0.0 61 286 91 478 888
Jun 29 27/9 LA2P1 4,772 100 4,872 2 2.0 0 0.0 61 289 456 897
Jun 30 27/9 RA2P1 1,859 100 1,959 0 0.0 0 0.0 37 95 30 152 314
Subtotal 34,841 1,150 35.991 4 0.4 1 0.1 288 2,388 894 6.284 9,854
Jul 09 27/8 RA2vV1 2484 100 2.584 0 0.0 0 0.0 95 121 6 206 428
Jul 10 27/8 RA2¥V3 3.358 100 3,458 0 0.0 0 0.0 649
Jul 11 27/8 LA2V1 5,860 100 5.960 0 0.0 0 0.0 199 265 28 392 1,153
Jul 12 27/7 LA2v¥3 7,015 100 7,115 0 0.0 0 0.0 175 378 3 474 1,030
Jul 13 27/7 LA2S1 4,789 100 4.889 1 1.0 1 1.0 83 207 14 409 713
Jul 14 27/6 LA283 1,718 100 1.818 0 0.0 0 0.0 32 107 1 273 413
Jul 15 27/6 RA2S1 4,633 100 4,733 0 0.0 0 0.0 70 265 15 303 653
Jul 16 27/6 RA2S3 5.349 100 5,449 1 1.0 0 0.0 84 249 5 398 736
Subtotal 35,206 800 36,008 2 0.3 1 0.1 851 1,908 87 2,929 5,775
Jul 24 27/5 RAK1 2,904 100 3,004 | 1 1.0 0 0.0 7 208 4 177 396
Jul 25 27/5 LAZK1 2,626 100 2,726 | 2 2.0 0 0.0 9 144 1 171 325
Jul 26 27/5 LA263 938 100 1,038 | 1 1.0 0 0.0 4 85 1 110 200
Jul 27 27/5 RAST1 2,495 100 2,595 | 12 12.0 0 0.0 640
Jul 28 27/5 RAST3 1.279 100 1379 ] 1 1.0 0 0.0 33 261 2 354 262
Jul 29 27/5 LA9T1 1.247 50 1297 | 0 0.0 0 0.0 2 86 1 74 163
Jul 30 26/63 LA9T3 7.461 100 7,561 | 1 1.0 0 0.0 30 492 1 351 874
Jul 31 26/63 LA2P3 4,363 100 4,463 2 2.0 0 0.0 18 284 1 252 555
AU6 1 26/62 RA2P3 3,934 100 4,034 | o 0.0 0 0.0 11 247 /] 154 412
AUG 2 26/62 RARH1 4.121 100 4221 ] 1 1.0 0 0.0 20 211 0 274 505
AUG 3 26/62 LARH1 3,673 100 3,773 | 1 1.0 0 0.0 16 234 0 354 604
Subtotal 35,041 1,050 36,091 |22 2.1 0 0.0 159 2,353 14 2,410 4.936
SUMMARY
MARKED 8 HOUR DELAYED MORTALITY UNMARKABLE
AND TAG LOSS
Barked & Held & Total #Lost ¥XTag |Prev. Under- Other Total
Bypassed Trans. Mark. | MMorts XMort Tags Loss |Branded Desc Size Unmark.Unmark.
TOTAL 105,088 3,000 108,088 28 0.9 2 0.1 1,298 6,649 995 11.623 20.565

®he total includes 100 fish held for delayed mortality on June 24. 1991.
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APPENDI X 6.

Dat a used for

rate regression anal ysis.

fall

chi nook sal non size versus emgration

TAG_FILES

WPC91149.R17
WPC91150.629
WPC91150.629
WPC91150.R16
WPC91150.629
WPC91155.635
WPC91157.662
WPC91162.G42
WPC91162.650
WPC91162.642
WPC91163.635
WPC91163.G35
WPC91164.G29
WPC91164.G26
WPC91164 .G26
WPC91164 .626
WPC91164.626
WPC91164.629
WPC91169.642
WPC91169.G32
WPC91169.G42
WPC91169.626
WPC91169.642
WPC91169.642
WPC91170.G42
WPC91170.626
WPC91175.G42
WPC91175.642
WPC91175.626
WPC91175.642
WPC91176.G42
WPC91176.G42
WPC91176.642
WPC91176.G42
WPC91176.G42
WPC91176.642
WPC91176.G42
WPC91176.G42
WPC91176.642
WPC91176.G42
WPC91176.642
WPC91176.G42
WPC91176.G42
WPC91176.642
WPCO1176.6G42
WPCO1176.642
WPC91176.642
WPC91176.642
WPC91176.642
WPC91176.642
WPC91182.626
WPC91182.626
WPC91182.626
WPC91183.642
WPCo1183.642
WPC91184.642
WPC91184.626
WPC91184.G42
WPC91164.626

TAG_IDS

7F7D1E6BSS
7FD17715F
7F7D1E4C28
7FTDI1E7CT7
TF7D1E3C3E
TF7D1ELS69
7F7D1E4651
TF7D1E3AGF
7F7D1E3B2B
7F7D1E3D4B
7F7D1E3835
TF7D1ELDT
7F70181304
7F7D1D5913
TF7D1ES172
7F7D1E5101
7F7D1EL750
7F7D1D5621
TF7D07537C
7F70075374
7F701D5960
7F7D1D5821
7F70075937
7TF7D042954
TFTDOT4LESY
7F7D1E3F08
7F7007513C
7F7D075869
7F7D07502A
7F7D152E70
7F7D165111
7F7D165972
7F7D165E31
7F7D152808
7F7D153F6D
7F7D153800
TF7D152A19
7F7D154221
7F7D074C21
7F7D15280A
TFTD152E2E
7F7D153F7A
7F7D152A3C
7F7D15311A
TF7D165976
TF7D16402F
7F7D165D76
TF7D07575E
7F70075949
TF7D1E3C4S
TFTDIE3ZCS7
7F7E342416
7F70154618
TF7D1E4207
7F70074606
7F7D1E3930
7F7D15310C
7F7DIE3DTY

REL $Z LN_S2 REL KM
7F7D1E6C79 68.0 4.2195

64.0 4.1589
62.0 4.1271
58.0 4.0604
55.0 4.0073
68.0 4.21%
56.0 4.0254
67.0 4.2047
78.0 4.3567
64.0 4.1589
78.0 4.3567
78.0 4.3567
64.0 4.1589
66.0 4.1897
60.0 4.0943
74.0 4.3041
70.0 4.2485
98.0 4.585
4.5747
4.5951
4.585
4.5433
70.0 4.2485
84.0 4.4308
91.0 4.5109
81.0 4.3945
84.0 4.4308
82.0 4.4067
74.0 4.3041

.0 4.5539
91.0 4.5109
4.625
97.0 4.5747
4.4998
4.3567
4.585
108.0 4.6821
75.0 4.3175
4.5433
106.0 4.6634
.0 4.382
104.0 4.6444
4.4773
4.585
97.0 4.5747
72.0 4.2767
4.4773
87.0 4.4659
83.0 4.4188
97.0 4.5747
89.0 4.4886
96.0 4.5644
106.0 4.6634
91.0 4.5109
102.0 4.625
94.0 4.5433
97.0 4.5747
79.0 4.3694
94.0 4.5433

217
229
229
216
229
235
242
242
250
242
235
235
229
226

226

REL_DAT 0BS DATE TRV TIME MIGR RATE

05/29/91
05/30/91
05/30/91
05/30/91
05/30/91
06/04/91
06/06/91
06/11/91
06/11/9N
06711791
06/12/91
06/12/N
06/13/91
06/13/91
06/13/91
06/13/91
06/13/91
06/13/91
06/18/91
06/18/91
06/18/91
06/18/91
06/18/91
06/18/91
06/19/91
06/19/91
06/24/91
06/24/91
06724791
06/24/91
06/25/91
06/25/91
06725791
06725791
06/25/91
06/25/91
06/25/91
06/25/91
06/25/91
06/25/9
06/25/91
06/25/91
06/25/91
06/25/91
06/25/91
06/25/91
06/25/91
06/25/91
06/25/91
06/25/91
07/01/91
07/01/91
07/01/9
07702791
07/02/91
07/03/91
07/03/91
07703/91
06713791

07/24/91
07/15/91
07/25/91
08/06/91
08/02/91
07/18/91
08/10/91
07721791
07721/91
07/25/91
07/22/91
09/05/91
07/25/91
07720791
08/22/91
07/30/91
07/23/91
07/18/91
07/18/91
07/08/91
07709791
06/30/91
07/25/91
08/01/91
07/07/91
07/25/91
07/17/91
07/13/91
07/31/91
07/22/91
08/11/91
07/11/91
07/20/91
07/25/91
08/28/91
07/15/91
07/09/91
07/27/91
07/24/91
07/20/91
07/23/91
07/25/91
07/24/91
07/25/91
07724791
07/25/91
07/15/91
07/24/91
08/03/91
07/13/91
07/19/91
07/24/N
07/20/91
08/02/91
07/20/91
07/28/91
08/03/91
08/03/91
06728791

REGSSRRES
NN = T N SRV N

cowhMhBSD
A OwOO

WRNRWWWDA~WN
ONFP OO0 O NN
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EXCLUDED OUTLIERS: 7F7D11492€, 7F7DO74EGF, 7F7E355201, 7F7D074F10, 7F7D1D6B46, TF7D075173
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Appendi x 7.

Dat a used for

chi nook salnon emgration rate regression analysis.

TAG-FILES TAG-IDS

WPC91170.G42 7F7D042954
WPC91184.G42 7F7D074606
WPC91176.G42 7F7D074C21
WPC91170.G26 7F7DO74ES1
WPC91175.G642 7F7D07502A
WPC91175.G42 7F7D07513C
WPC91169.G42 7F7D075374
WPC91169.G32 7F7TD07537C
WPC91176.G42 7F7DO7575E
WPC91175.6G26 7F7D075869
WPC91169.G42 7F7D075937
WPCP1176.G42 TF7D075949
WPC91176.G42 7F7D152A19
WPC91176.G642 7F7D152A3C
WPC91176.G42 7F7D152808
WPC91176.G42 7F7D152B0A
WPC91176.G42 TFID152E2E
WPC91176.G42 7FTD152E70
WPC91184.G42 7F7D15310C
WPC91176.G42 7F7D15311A
WPC91176.G42 7F7D153800
WPC91176.G42 7F7D153F6D
WPC91176.G42 7F7D153F7A
WPCP1176.G42 7F7D154221
WPC91183.642 7F7D154618
WPC91176.642 7F7016402F
WPC91176.642 7F7D165111
WPC91176.G42 7F70165972
WPC91176.642 7F7D165976
WPC91176.G42 7F70165D76
WPC91176.G42 7F7D165E31
WPC91150.G29 7F7017715F
WPC91164.626 7F7D181304
WPC91169.G42 7FD1D5621
WPC91169.G42 7F701D5821
WPC91164.G26 7F7D105913
WPC91169.G26 7F7D1D5960
WPC91184.G26 7F7D1E3930
WPC91162.G50 7F7D1E3AGF
WPC91162.G42 7F7D1E3B2B

fall
REL_SZ LN_SZ
91.0 4.5109
94.0  4.5433
1060  4.6634
81.0 4.3944
95.0  4.5539
82.0  4.4067
98.0 4,585
99.0  4.5951
83.0 4.4188
74.0 43041
8.0 4.4308
97.0 45747
75.0 4.3175
98.0  4.585
78.0  4.3567
80.0  4.382
104.0  4.6444
91.0  4.5109
79.0  4.3694
97.0  4.5747
1080  4.6821
98.0  4.585
88.0 4.4773
94.0  4.5433
91.0 4.5109
88.0 4.4773
102.0  4.625
97.0  4.5747
72.0  4.2767
87.0  4.4659
90.0  4.4998
62.0 4.1271
66.0 4.1897
97.0 45747
70.0 4.2485
60.0  4.0943
94.0 4.5433
97.0  4.5747
78.0  4.3567
64.0 4.1589

61.1 4.1127
33.4 3.5074
48.1 3.8720
44.6 3.7968
45.9 3.8268
53.6 3.9807
59.4 4.,0835
60.3 4.0997
36.5 3.5979
31.8 3.4589
42.0 3.7376
54.2 3.9922
35.2 3.5604
42.8 3.7554
26.4 3.2715
42.8 3.7564
42.8 3.7554
33.6 3.5134
27.5 3.3132
43.5 3.7736
56.6 4.0359
52.4 3.9593
43.5 3.7736
43.5 3.7736
31.9 3.4633
52.4 3.9593
55.3 4.0133
47.0 3.8506
33.3 3.5041
43.5 3.7736
42.8 3.7554
47.9 3.8695
45.5 3.8178
51.9 3.9487
40.5 3.7015
25.8 3.2521
63.7 4.1548
30.4 3.4154
50.9 3.9292
41.2 3.7185

16.2 27845
20.4 3.0152
18.3 2.9069
18.7  2.9266
18.5 2.91%
17.8  2.8795
16.4  2.7960
16.2  2.7877
19.8 29874
20.6 3.0244
19.0 2.9418_
17.7 2.8708
20.2 3.0068
19.0 2.9444
21.1  3.0478
19.1 2.9498
19.0 2.9444
20.1  3.0016
21.0 3.0452
18.9 2.9387
17.1 2.8398
17.9 2.8835
18.9 2.9387
18.9 2.9387
20.6 3.0248
17.9 2.8835
17.4 2.8540
18.4 2.9131
20.3 3.0113
18.9 2.9387
19.0 2.9444
18.0 2.8906
18.7 2.9293
17.5 2.8642
19.4 2.9673
21.2 3.0553
15.0 2.7109
20.7 3.0312
175 2.8645

19.3 2.9595

135
15
15

13.5
15
15
14

135
14
15
14
15
15
15
15
15
15
15

15
15

15

15
15

15
15
15

15

15
15
15
15
1"
13.5
14
14
13
13.5
18
14
13

2.6027
2.7081
2.7081
2.6027
2.7081
2.7081
2.6391
2.6027
2.6391
2.7081
2.6391
2.7081
2.7081
2.7081
2.7081
2.7081
2.7081
2.7081

2.7081
2.7081

2.7081

2.7081
2.7081
2.7081

2.7081

2.7081
2.7081
2.7081
2.7081

2.3979

2.6027

2.63N
2.6391
2.5649
2.6027
2.8904
2.6391
2.5649

2.7081
2.7081

MGR_FLOW LN_FLOW MGR_TEMP LN_TEMP REL_TEMP LN_REL_T MIGR_RATE
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APPENDI X 7. ( CONTI NUED)
WPC91163.635 7F7D1E3B35 78.0 4.3567 31.4 3.4474 201 2.9987 12 2.4849 0.8
WPC91155.635 7F7D1E3C3E  68.0 4.2195 52.7 3.9651 17.3 2.8515 12 2.4869 1.9
WPC91182.626 7FTD1E3C4S 89.0 4.4886 44.1  3.7854 19.2  2.9548 16 2.7726 3
WPC91182.626 7F7D1E3C57 96.0  4.5643 38.3 3.6458 19.8  2.9863 16 2.7726 2.3
WPC91163.G35 7FTDIE3D4B  78.0 4.3567 49.6  3.9049 17.8 2.8781 12 2.4849 1.8
WPC91164.626 7FDI1E3D71 94.0  4.5433 67.5 4.2115 145 2.6723 13 2.5649 3.6
WPC91175.G42 7F7D1E3F08 84.0 4.4308 50.3 3.9179 18.1  2.8961 12 2.4849 3.1
WPC91183.642 7F7D1E4207 102.0 4.625 40.6 3.7028 19.5 2.9730 16 2.7726 3.9
WPC91157.642 TFTDIESGSS9 56.0  4.0254 28.8 3.3592 20.8 3.0362 12 2.4849 1.7
WPC91162.G642 7FTD1E4651 67.0  4.2047 47.7  3.8639 18.2 29012 13 2.5649 2.4
WPC91164.629 7F7DIEL7S50  98.0 4.585 54.9 4.0057 17.0 2.8319 13 2.5649 1.6
WPC91150.R16 7F7DIE4C28 58.0 4.0604 38.2 3.6418 19.5 2.9700 9 21972 0.9
WPC91164.629 7F7D1E4D71  64.0 4.1589 40.5 3.7015 19.4  2.9673 12.5 25257 2
WPC91164.626 7F7D1ES101  70.0  4.2485 45.6  3.8190 185 2.9199 13 2.5649 1.7
WPC91164.6G26 7F7D1ES172 74.0 4.3041 41.3  3.7209 19.1  2.9505 13.5 2.6027 1.4
WPC91150.G29 7F7D1ESBSS 64.0  4.1589 57.4 4.0508 16.7 2.8126 11 2.3979 1.8
WPCP1149.R17 7F7DIESCT9 68.0  4.2195 52.3 3.9573 175 2.8617 11 2.3979 1
WPC91150.G29 7FPDIE7C77 55.0 4.0073 40.2  3.6946 19.2  2.9569 11 2.3979 1.3
WPC91182.G26 7F7E342416 106.0 4.6634 41.8 3.7328 19.4 2.9642 16 2.7726 2.8
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